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By exploiting the recent technique of panel approaches, this thesis attempts to investigate 
the long-run cointegration relationship and short-run dynamics between share prices and 
net asset values (NAV) of listed property companies in a panel context. Three panel 
methods, panel unit root tests, panel cointegration test, and dynamic ECM panel data 
model, are applied to eight Asian securitized real estate markets, namely, Australia, Hong 
Kong, Indonesia, Japan, Malaysia, Philippines, Singapore and Thailand, over a sample 9-
year period from 1995 Q1 to 2003 Q4.  
 
In general, the empirical results both from individual property market and from the overall 
markets have consistently suggested a close relationship between stock prices and net 
asset values in the long run and short run. They reveal the evidence of a convergence 
behavior of property companies’ share prices toward their underlying asset values. For 
separate property market, Except in Australia and Philippines, a cointegrating relationship 
is found to exist between share prices and NAV in all other six Asian markets. And 
individual firm estimates converge to a common one-for-one cointegrating vector or long-
run relationship between property stock prices and net asset values over a 9-year period in 
those countries. By pooling all the sample property companies in those eight markets, 
strong evidence about the long run and short run relationship has been found in the overall 
markets.   
 
So, as a conclusion, in Asian-Pacific area, property shares appear fundamentally linked to 
the value of the underlying property assets (or NAV) and converge to the equilibrium 
viii 
relationship between them with a moderate speed of adjustment mechanism, though they 
fluctuate in the short term period. The results in this thesis also confirm the NAV based 
property stock valuation theory empirically. NAV, as one proxy to the fundamental value, 
can be relied as the principal basis for property company valuation. More attentions 
should also be paid on the underlying performance of net assets pertaining to property 
stocks. The results provide some meaningful insights to the institutional investors and 
portfolio managers for their better expectation of the variation trends of property stock 
prices, and for their optimal strategies in diversifying portfolios.  
ix 




1.1 Background  
 
The relationship (or lack of) between corporate performance and stock price has received 
considerable attention in the literature. Public companies want to maximize the market 
value, whilst investors seek to find the factors which affect stock value. Specifically, 
investment analysts and corporate managers are greatly concerned with whether stock 
price movements are in tandem with its fundamental values. Prior studies have at least 
identified two popular corporate fundamental variables that predict share price movements 
or returns. Fama and French (1988) propose dividends per share (DPS) as being 
significant in explaining stock returns. Campbell and Shiller (1988) suggest DPS, dividend 
growth and long-term earning per share (EPS) as being significant in explaining returns. 
This area of research has greatly enhanced investors’ understanding of stock price 
behavior by analyzing the interrelationship between stock prices and their fundamental 
values, and thus helped to improve the ability of the correct forecast of the stock price 
variation in the long run and short run. 
 
Though some believe that fundamental factors play a great role in prediction of stock 
prices and rational investors trade in the market on the basis of the unbiased estimates of 
future earnings derived from current information about fundamentals (Barham and Ward, 
1999), market critics cast some doubt on the notion that stock prices reflect efficiently 
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their fundamental values. For example, Wigmore (1997) shows that stock prices increased 
much more than their intrinsic values in the 1980s, and only 35% of the 245-point rise in 
the S&P 500 during the 1980s was explained by changes in fundamental values. The 
irrational investors’ participation in stock markets makes the stock prices influenced by 
market sentiment and thus to violate the persistent relationship between stock prices and 
fundamental values. 
 
Recently, the mean reversion behavior of stock prices is confirmed by strong evidence 
from the US stock market (De Bondt and Thaler, 1985, 1987; Campbell and Shiller, 1988; 
Poterba and Summers, 1988; Fama and French, 1988a, 1988b; Cecchetti et al, 1990; 
Chiang et al, 1995). This means that the stock prices are predictable and reverts to the 
mean values in the long run, which challenges the efficient market hypothesis (EMH) that 
demonstrate the stock prices are random walk and unpredictable. Moreover, the studies of 
Zarowin (1989), Okunev and Wilson (1997), Serletis and King (1997) argue that there is a 
strong tendency that short-term random stock prices revert back to their fundamental 
values in the long run.  
 
Most research studies detecting the relationship between stock prices and fundamental 
values focus on general stock market. More attentions are paid to the securitized real 
estate market due to the important impact of property sector in the whole stock market. 
Over the past decades, the global real estate securities market has grown extensively to an 
estimated $265 billion in 2001, and Asia ranks the second just below US by taking up 
25% of the big pie (Pierzak, 2001).  
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Generally, there are two common types of indirect or securitized real estate investment 
vehicles available to investors. The first type is the Real Estate Investment Trusts (REITs) 
in the United States. The other type of securitized real estate investment, popularly known 
in countries such as the United Kingdom, Hong Kong and Singapore, consists of shares of 
property companies quoted on a stock market. Property share in stock market, or property 
stock, is a special class of stocks. It is a special investment tool because of its 
comovements with the general stock market and its unique characteristics held in real 
estate market such as inflation hedge. Containing information from both the real estate 
market and the stock market, property stocks seem to have much more advantages over 
the physical real estate market. Given the difficulties of buying direct real estate, the 
investors have advocated the property securities investments as the real estate asset class 
in an investment portfolio. Hence, Listed property stocks have become an increasingly 
important property investment vehicle in Asia and internationally (Steinert and Crowe, 
2001). With recent studies (Conover et al, 2002; Steinert and Crowe, 2001) highlighting 
the diversification benefits of including international listed property in a mixed asset 
portfolio, considerable attention has been given to various aspects of property company 
performance in Asia and in other areas. 
 
From the valuation perspective, the worth of a property company is usually based on its 
estimated underlying assets which reflect the changing capital values. For securitized real 
estate vehicle such as property stocks, there is normally a close correlation between the 
value of the property portfolio and the value of the companies’ shares that are priced in 
relation to the net asset value (NAV) rather than on a price to earnings. NAV in this 
context represents the underlying value of the real estate assets owned along with other 
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assets, adjusted for liabilities and other claims on the company. Thus, at the fundamental 
level, property company share prices must reflect their underlying real estate investment 
values. Therefore, NAV is used as an important proxy for the fundamental values of 
property companies. However, because the share prices and properties are valued in two 
distinctive markets, the argument is that whether stock market is fully able to capitalize 
current information from property valuation into share prices. So, given the increasing 
levels of international investment in Asian property companies in recent years, it is timely 
to investigate the linkage between the net asset values and share prices of listed property 
companies in Asian property markets.  
 
Different from the disaggregate analysis in previous studies, this research seeks to provide 
an alternative perspective on the dynamic relationship between share prices and NAV in 
the long run and short run, by pooling across the appropriate listed property companies in 
eight Asian-Pacific markets, namely, Australia, Hong Kong, Indonesia, Japan, Malaysia, 
Philippines, Singapore and Thailand. To investigate this issue empirically, the recent 
techniques in the panel context, e.g., panel unit root test, panel cointegration test, dynamic 
error correction panel data model, are applied to test for the null hypothesis of no 
cointegration between share prices and NAVs. This research will uncover the nature and 
extent of the relations between property stock price and NAV with much more power by 
examining the property companies as a whole panel.  
 
This research can be very useful to institutional investors and portfolio managers who are 
interested in securitized real estate investments and need to understand the long-term and 
short-term behavior of property stock prices for forecast and investment decision. If stock 
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prices have close relationship with their underlying assets, e.g. NAV, institutional 
investors should then pay more attention on the underlying performance of the property 
stocks in terms of NAV in their stock selection process and portfolio management. 
However, if the relationship between property company stock prices and their NAVs is 
weak, then NAV as the principle basis for property company valuation may have to be re-
assessed. This is a significant contribution as there has been very little work conducted in 
the USA, UK or in the Asian countries regarding property company valuation.  
 
1.2 Research Objectives and Scope of The Study 
 
In order to detect that whether property stock prices reflect their underlying real estate 
investment value so as to verify the NAV based property stock valuation empirically, the 
main objective of this study is to provide an in-depth empirical investigation into the 
dynamic relationship between stock prices and net asset values from the perspective of 
long run and short run by pooling the sample property companies in Australia (14 
companies), Hong Kong (36 companies), Indonesia (7 companies), Japan (108 companies), 
Malaysia (36 companies), Philippines (20 companies), Singapore (16 companies) and 
Thailand (11 companies) over the period from 1995 Q1 to 2003 Q4. Specifically, this 
study aims 
 
1:   To examine the time series characteristics of share prices and NAV of listed property 
companies of each market as a whole panel by applying panel unit root test, thus to 
provide the prerequisite for the subsequent panel cointegration test.  
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2:   To uncover the existence of the long-run relationship between property share prices 
and NAV by exploiting panel cointegration procedures.  
 
3:  To derive the cointegration parameters, short-run responses and the speed of 
adjustment to equilibrium between property share prices and NAV to reveal the dynamic 
relationship between property share prices and NAV.  
 
4:   To analyze the interrelations between share prices and NAV in eight Asian property 
markets, thus to verify the NAV based valuation of property companies empirically in 
Asian-Pacific region.  
 
1.3 Source of Data 
 
The raw data of share prices (P) and NAV (or net asset value per share) for each property 
company are extracted from Datastream. As the NAV data is available from 1995 onward 
for most listed property companies in Asian countries, the sample period is from 1995 Q1 
to 2003 Q4, making a total of 36 quarterly observations for each company1 . The variable 
NAV is defined as the book value of tangible assets per share calculated by shareholder’s 
equity less intangible assets by the number of ordinary shares. In all the methods 
introduced in this study (Chapter 4), the transformed P and NAV by taking the log are 
 
__________________________ 
1   Since the yearly data for NAV has a very short time span with only 9 observations for individual 
company for the period from 1995 to 2003, the quarterly data is used as a better choice.  
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involved so that the difference in the log of the price variable can be interpreted as the 
relative change or return. 2   
 
Since the major economic growth is focused on the Asian-Pacific region, eight securitized 
property markets in this area are included in this study: Australia, Hong Kong, Indonesia, 
Japan, Malaysia, Philippines, Singapore and Thailand. Other several Asian countries, such 
as China and New Zealand, are excluded from this study because the data series NAVs are 
not available in the public sources. The sampling frame is all the real estate firms listed in 
the “Real Estate” sub-sector of “Equity” sector in Datastream and an initial sample of 
around 400 property companies is obtained.  However, the number of property companies 
listed in each market shows great disparity. After filtering out the firms which are recently 
listed or with insufficient length of data, only those with no missing stock return and NAV 
data from 1995 Q1 to 2003 Q4 remain, and the breakdowns are Australia (14 companies), 
Hong Kong (48 companies), Indonesia (10 companies), Japan (140 companies), Malaysia 
(42 companies), Philippines (26 companies), Singapore (16 companies) and Thailand (13 
companies). Next, due to the nature of cointegration tests involved in this study, the time 
series property of data series for the above 309 property companies are examined to assure 
the nonstationarity of variables regressed in cointegration equations by conventional unit 
root test 3 . Then, only the property companies with nonstationary data series are retained 
to constitute the final sample. 
 
____________________ 
2   The following P and NAV appear as the logged data format in all the subsequent context except in 
Chapter 3.  
3   The methodology of conventional unit root test is introduced in Chapter 4, section 4.2.1, and the results 
of the individual unit root test for the final sample companies are reported in Appendix 2.  
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Thus, the final sample for each market is Australia (14 companies), Hong Kong (36 
companies), Indonesia (7 companies), Japan (108 companies), Malaysia (36 companies), 
Philippines (20 companies), Singapore (16 companies) and Thailand (11 companies). The 
company list for each market is reported in Appendix 1. 
 
The market review and the brief characteristics of share prices and NAV in the above 
eight securitized property markets are presented in Chapter 3. 
 
1.4 Research Methodology 
 
Based on the research objectives described in the previous section, there are three main 
steps involved in this study, and the detailed introduction is focused in Chapter 4. Briefly, 
they are: 
 
1:  The panel unit root tests are applied on the series P and NAV by pooling the sample 
property companies as a whole panel. The joint examination of the Levin-Lin panel unit 
root test and the Im, Pesaran and Shin panel unit root test is conducted to provide much 
powerful evidence of the nonstationarity properties of P and NAV.  
 
2:   The Pedroni (1995, 1997a)’s panel cointegration test is used to test the existence of the 
long-run relationship between P and NAV, which allows for complete parameter 
heterogeneity across individuals whilst focusing on the existence of the common 
cointegration relationship.  
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3:   A dynamic panel data model in error correction form is specified and estimated to test 
whether the individual firm estimates converge to a common cointegrating vector or 
relation between P and NAV and to examine the impact of the relative change of NAV on 
the short-term behavior (or return) of share prices.  
 
1.5 Research Contributions  
 
Following the first attempt in Liow (2003), the present study provides additional insights 
into the relationship between share prices and NAV of property companies in securitized 
real estate market. Very little research on the linkage of share prices and fundamental 
values in securitized real estate market has been found in literature, despite the significant 
contribution listed property companies contribute to the market capitalization of Asian 
stock markets and an increased securitization of the real estate asset class globally 
(Steinert and Crowe, 2001). So, the following three major contributions stand up in this 
research: 
 
1:   It fills up a gap in property stock valuation theory by integrating the literature in stock 
price variation and property company valuation, and contributes to the verification of 
NAV based valuation theory in securitized real estate market empirically. 
 
2:  Other than at a disaggregate level, the relationship between P and NAV is tested by 
pooling across the listed property companies from the perspective of a whole panel. The 
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panel approaches, such as panel unit root test, panel cointegration test and the dynamic 
ECM panel data model, provide a much more powerful test than the single equation test.   
 
3:   Multi-country analysis in this study supplies an international/regional comparison on 
this issue, thus provides more reliant evidence in Asian-Pacific area.  
 
1.6 Organization of The Study 
 
This study is organized into six chapters. The structure of this study is as follows: 
 
Chapter 1 provides an overview comprising the research background, the objectives and 
scope of the study, sources of data, research hypothesis, a brief outline of research 
methods employed, as well as the highlighted significance of this study.  
 
Chapter 2 first reviews the general stock market valuation theory and the NAV based 
valuation theory as well as the related research works separately. Then, a review of 
empirical evidence of long term relationship between stock prices and their fundamental 
values is given both in common stock market and in property stock market. Finally, the 
panel approaches and different estimators for dynamic panel data models are reviewed. 
 
Chapter 3 supplies some market review in the eight Asian countries to provide some 
background information at first. Next, the market performance of sample property 
companies in those eight countries is presented and followed by the brief characteristics of 
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share prices and NAV of listed property companies over the sample period and the hot 
issue about NAV discount/premium in each market.  
 
Chapter 4 explains the three main methods employed in this study. The unit root tests, 
including conventional ADF test and panel unit root tests, the panel cointegration test, and 
the dynamic panel data error correction model (ECM) as well as the Pooled Mean Group 
(PMG) estimate, are described orderly in details. 
 
Chapter 5 reports the empirical results. The results for separate property market are 
analyzed and compared, and the results for the whole region estimated by pooling all the 
sample property companies are also provided. Some implications are released finally.  
 
Chapter 6 summarizes the findings of this study, indicates the limitation of the research, 
and suggests further research directions.  
 





2.1    Introduction 
 
The present value of future cash flows is the major valuation principle in finance. With 
regard to firm valuation, finance literature states the value of a firm’s common stock to the 
investor is equal to the present value of its future dividends. Similarly common stock 
valuation models can focus on other corporate performance variables such as future 
earnings or the values of its individual assets and liabilities (i.e. net asset values). Earnings 
and dividends payout are commonly deemed as proxies of corporate fundamental value in 
common stock market (Fama and French, 1988b; Campbell and Shiller, 1988; Chiang, Liu 
and Okunev, 1995). Specifically, in property stock market, Adams and Venmore-Rowland 
(1989) argue that property company valuation is generally more related to the value of the 
underlying properties (or NAV). NAV is deemed as the principle basis for valuation of 
property companies. 
 
For the purpose of this study, this chapter will first review the common stock market 
valuation theory and practice, which provide useful information on the selection of 
standard dividends/earnings stock market indicators such as DPS and EPS as proxies to 
fundamental values. Then, a NAV based valuation theory for property stock market is 
provided as the basis of this study. Next, significant evidence from cointegration analysis 
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detecting the long run relationship between stock prices and fundamental values is 
followed to give a further review. Finally, this chapter ends with a review of the 
nonstationary panel approaches, such as panel unit root and panel cointegration methods, 
as well as the major estimators of dynamic panel data models.   
 
2.2    Common Stock Valuation and Fundamentals: The Underlying  
         Theory and Practice 
 
2.2.1   Efficient Market Hypothesis and Present Value Theory 
 
 
The extent to which stock prices rationally reflect the “intrinsic” or fundamental values of 
the underlying companies has been a controversial issue perhaps as long as there has been 
a stock market. At one extreme is the view expressed by Keynes (1936) that speculative 
markets are no more than casinos and “all sorts of considerations enter into market 
valuation which are in no way relevant to the prospective yield”. At the other is the 
Samuelson-Fama EMH view that stock prices fully embody available information and are, 
therefore, the best estimates of intrinsic values. In general, the body of the literature 
concludes that fundamental values do have influence on the stock prices, though the 
degree of the influence varies.  
 
Under the EMH, stock markets are usually thought to be pricing efficient, which means 
that prices rationally incorporate available information and that fluctuations are the result 
of equilibrium movements. Of the hundreds of tests of efficient market, the majority 
reports results that are consistent with stock market rationality. For example, there is 
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considerable evidence that, on average, individual stock prices respond rationally to 
surprise announcements concerning firm fundamentals such as dividend and earnings 
changes (Marsh and Merton, 1986). That is to say, observed stock prices are a fair 
representation of the market’s fundamental values.  
 
To exploit the efficient market hypothesis, a natural start of stock market valuation is to 
define fundamentals using the efficient-market present value model, which assumes that a 
firm’s stock price represents the fully discounted stream of future cash flows. In theory, a 
company is worth the total amount of cash it will generate over its lifetime, discounted to 
its present value. In practice, net present value method has been more popular in company 
valuation over time. For example, in a comprehensive survey to a broad variety of U.S. 
companies by Graham and Harvey (2001), 74.9% of their respondents state that they 
always or almost always use net present value techniques, though there exist some other 
valuation methods such as book values, economic value added, etc.    
 
Guild (1931) studies the stock growth and discount based on the present value approach to 
measure “intrinsic value”. The maximum price of a security is calculated given a set of 
known parameters and the required rate of return. More recently, many studies, for 
example, LeRoy and Porter (1981), Shiller (1981), Campbell and Shiller (1987, 1988), 
MacDonald (1994), MacDonald and Power (1995) and Harasty and Roulet (2000), have 
demonstrated the present-value pricing relationship between stock prices and fundamental 
values. And similar present value pricing relationships have been shown to hold for other 
financial instruments, such as bonds and the spot foreign exchange rate.  
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The principles of fundamental analysis have been embodied and described in many books, 
such as Graham and Dodd (1934). In their book, it is stated that there is an “intrinsic 
value” of a security which is driven by the future earning prospects of a company. And 
Blume and Seigel (1992) indicate that “to come full circle from the days of Graham and 
Dodd, researchers will need to model the way in which investors process new information 
about Earnings, Dividends, and Underlying Asset Values of a firm”. Besides the present 
value model, various security models have been formulated for the pricing of securities, 
including Gordon’s (1963) Dividend Growth Model and Shape’s (1965) Capital Asset 
Pricing Model (CAPM). 
 
2.2.2   Major Proxies of Fundamental values of Common Stocks 
 
Dividend payout has always been concerned to be one commonly used proxy of the 
corporate fundamental value by potential investors. Its importance in valuating stock 
prices is preferred by John Burr Williams in his book The Theory of Investment Value in 
the 1930s. He asserts that, “… a stock is worth the present value of all the dividends ever 
to be paid upon it, no more, no less… Present earnings, outlook, financial condition, and 
capitalization should bear upon the price of a stock only as they assist buyers and sellers in 
estimating dividends.” A body of literature has provided evidence theoretically and 
empirically to support that the change of dividends payout can influence stock prices’ 
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Fama and French (1988b) propose dividends per share (DPS) as being significant in 
explaining stock returns. Santoni and Dwyer (1990) examine long-run data on stock prices 
and dividends and found that the two series did not diverge much. Peavy (1992) notes that 
the “interactive effect of a 95% increase in dividends from 1979 to 1989 and a 25% 
decrease in interest rates during the same period could produce a 218% gain in the S&P 
500 or approximately 96% of the 227% actual change in the index over the past decade”. 
He suggests that dividends are a better measure of explaining the stock prices than 
earnings. Avouyi-Dovi and Jondeau (1993) and Jondeau and Nicolai (1993) also find that 
dividends directly explain stock prices in the U.S.  
 
Just as Malecot (1992) indicates, dividend payout is positively related to management’s 
rational expectations of future net earnings, which predicts a positive relationship between 
dividend payout and potential corporate earnings. Since earnings are constructed by 
accountants with the objective of helping people to evaluate the fundamental worth of a 
company, explained as Campbell and Shiller (1988), earnings data are useful in predicting 
dividends and stock prices. They also conclude that a long moving average of earnings is a 
uniquely natural variable to represent fundamental value and that there are not many 
competitors for this role. Thus, earnings per share (EPS), as an important corporate 
performance indicator, would seem to be a crucial gauge for assessing fundamental stock 
values.  
 
As Marsh and Merton (1987) indicate, a firm’s fundamental value can be expressed as a 
simple linear function of earnings or dividends. Besides DPS and EPS, which have been 
selected theoretically and empirically as proxies for the underlying fundamental values 
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predicting movements of share prices, several studies have also determined other variables 
that helped explain the stock prices. Basu (1983) shows that earnings-price ratios helped 
to explain the cross section of average returns on U.S. stocks. Campbell and Shiller (1998) 
also think that the conventional price-dividend and earnings-price ratios have special 
significance when used to forecast stock prices.  Stattman (1980) and Rosenberg, Reid and 
Lanstein (1985) find that average returns on U.S. stocks were positively related to the ratio 
of a firm’s book value of common equity to its market value. Chan, Hamao and 
Lakonishok (1991) reveal four fundamental variables, earnings yield, size, book to market 
ratio, and cash flow yield, had a strong role in explaining the cross section of average 
returns on Japanese stocks.  
 
2.2.3   Critics  
 
Market critics have also been skeptical of the notion that stock prices reflect efficiently 
their fundamental values. For example, based on a simple present value model with a 
constant discount rate, Shiller (1981) and LeRoy and Porter (1981) concludes that stock 
prices are too volatile to be justified by subsequent changes of dividends. Shiller (1989) 
alleges that fundamentals changed relatively slowly, while investor sentiment is capable of 
quick and instantaneous changes of opinion. Further, Wigmore (1997) shows that stock 
prices increased much more than their intrinsic values in the 1980s, and only 35 percent of 
the 245-point rise in the Standard and Poor 500 during the 1980s was explained by 
changes in fundamental values. The recent increasing evidence that stock returns are mean 
reverting to the fundamental values, such as, Chiang, Liu, and Okunev (1995), Chiang, 
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Davidson, and Okunev (1997), also defies the EMH, with the possible explanation on the 
existence of fads, noise traders, speculative bubbles, etc.    
 
2.3     Property Stock Valuation: NAV 
 
2.3.1   The NAV-based Property Stock Valuation 
 
As one special class of stock market, listed property companies represent an important 
way in that an investor can take a stake in property sector without actually investing 
directly in lands and buildings. However, a unique characteristic of listed property 
companies is that the valuation of property stocks which are valued in stock market 
whereas the underlying properties are appraised in the property market. So, Venmore-
Rowland (1989) note that as asset-backed equities, property share prices may fluctuate in 
the short term in line with overall equity market behavior, while the price will ultimately 
reflect the performance of the underlying assets. Hence, property stocks are likely to 
provide a return that should not differ significantly from the return on the underlying real 
estate assets over a relatively long period.  In property companies’ balance sheets, real 
estate assets are generally deemed as main components which represent a significant 
proportion of property companies’ fundamentals (Fisher, 1992; Hakfoort, 1994). Net asset 
value, the underlying value of the real estate assets owned along with other assets, 
adjusted for liabilities and other claims on the company, is naturally posited as one 
important gauge for the fundamentals of property companies.  
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The close correlation between the value of the property portfolio and the value of the 
companies’ shares even leads Adams and Venmore-Rowland (1989) to argue that property 
company valuation is generally related to the value of the underlying properties (i.e. net 
asset values) and less to earnings and dividends. The main justification for the NAV basis 
of valuation, rather than an earnings or dividend basis, rest on the growth potential of the 
assets (properties) held. It has been argued by many that a property company value 
derived using an industry standard price-earnings ratio or dividend yield is considerably 
less than the value of its underlying real estate assets which are anticipated to grow over 
time. Barkham and Geltner (1995) also find that, in the long run, the value of property 
company shares is fundamentally linked to the performance of the property company.  
 
On the other hand, it may also be argued that as movements in property company share 
prices are more closely associated with the stock market fluctuations in the short term 
(Barkham and Ward, 1999), attention should be focused on more standard earnings/ 
dividend stock market indicators. Lau (1993) also shows that share prices are more 
affected by the market sentiment of the share market, lesser by the growth performance of 
the property companies. After studying the movement of stock prices in relation to 
changes in the value of the property companies’ assets, he finds that although some 
movements in property stock price can be attributed to changes in the fundamental value 
of property companies, the influence of the overall stock market changes seem to be 
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2.3.2   Related literature on NAV 
 
Property companies may be regarded as a special case of closed-end fund . Since it has 
long been recognized that closed-end funds commonly trade at a discount to NAV, there 
stands a ready hypothesis that the discount to NAV may be applied to property companies.  
In closed-end fund literature, there are two approaches to investigate the discount to NAV 
in closed-end funds. The one is called as “rational” approach, which seeks to link the 
discount to NAV to company specific factors such as management quality, tax liability 
and the type of stocks held by the fund (Barkham and Ward, 1999). The other named as 
“noise trader” approach has been applied successfully to closed-end fund discounts by Lee, 
Shleifer and Thaler (1991), which postulates that the operation of noise traders provides 
an additional risk that is reflected in the value or returns of stocks, and that stock prices 
will be predicted to diverge from fundamental values, e.g. NAVs, and be priced below 
NAVs in equilibrium. Both approaches have been proven to be significant in explaining 
U.K. property company discounts in Barkham and Ward (1999).  
4
 
In Asian capital market, Liow (1996) studies the time-series behavior and dynamics of 
property company discounts in the Singapore context. It has been found that the share  
 
__________________________ 
4   Closed-end funds are under no obligation to redeem capital once it has been issued and shareholders 
wishing to liquidate their position must trade with other investors. Property companies closely resemble 
closed-end funds, since they are “public limited liability joint stock companies”. Still, property companies 
periodically issue new shares to increase their capital base but they are under no obligation to redeem these 
shares. (Barkham and Ward, 1999) 
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prices of most Singapore property companies settled at a premium to the underlying net 
asset values given the share prices are mostly above the book values of net asset values  
from 1980 to 1994. The findings also mildly support the argument proposed by Venmore-
Rowland (1989) that the size of the average discount to NAV of property companies’ 
share prices is broadly inversely proportional to the future performance achieved by direct 
property.  
 
Though the extant literature has recognized the existence of NAV discounts in property 
company valuation, there is little empirical research on the nature and extent of the 
relationship between property company stock prices and NAVs both in the long run and 
short run.  
 
2.4     The Long-term Relationship between Stock Prices and   
          Fundamental Values 
 
2.4.1    Evidence from Common Stock Market 
 
 
That the stock prices exhibit mean-reverting behavior violates the efficient market theory 
stated in random walks. Poterba and Summers (1988) indicate that, If stock market and 
fundamental values diverge, but beyond some range the differences are eliminated by 
speculative forces, then stock prices will revert to their mean. The stock market is then 
said to be weak form inefficient.  
 
It has been investigated and proven that there is a strong tendency that short-term random 
stock prices will converge to the mean values in the long run (De Bondt and Thaler, 1985, 
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1987; Campbell and Shiller, 1988; Poterba and Summers, 1988; Fama and French, 1988a, 
b; Fama, 1990; Chiang, Liu, and Okunev, 1995).  While, for fundamental analysis, the 
most important is to investigate whether stock price movements are in tandem with its 
fundamental values, which can be measured by i.e. dividends, earnings, and net asset 
values of the stock. Chiang et al (1995) indicate, the larger the difference between the 
stock price and the fundamental values, the stronger the restoring force of the movement 
of the stock prices towards the fundamental values. Just as Okunev and Wilson (1997) 
note that stock prices reverts back to the fundamental values of the stock in the long run.  
 
Implied by the present-value pricing relationship for stock prices, many researchers have 
examined whether a long-run relationship exists between stock prices and fundamentals, 
though some studies were presented with disappointing results. By using U.S. data, 
Campbell and Shiller (1987) find no significant long-term relationship between stock 
prices and dividends series to support present value model (see also Campbell and Shiller, 
1988, 1989 and Lee, 1995).  
 
However, MacDonald and Power (1995) attribute this finding to a failure to properly 
model the set of fundamental determinants of stock prices. In addition to dividends, share 
prices may be influenced by the investment growth opportunities available to the firm 
(Graham and Dodd, 1934; Woolridge and Gosh, 1985; Lang and Litzenberger, 1989; John 
and Lang, 1991). The market’s reaction to dividend announcements may, therefore, be 
dependent primarily on the growth prospects of the company, while the persistent earnings 
will be one main indicator for one company’s growth potential. Thus, by replacing 
dividends with earnings, a unique cointegrating relationship is demonstrated in 
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MacDonald and Power (1995) to exist between stock prices and fundamentals, where the 
latter included dividends and retention term. The impact of retained earnings is also 
emphasized in Fazzari et al. (1988) and Fox and Limmack (1988) for the financing 
practices of U.S. and UK firms.   
 
To model the stock market returns, Harasty and Roulet (2000) apply a two-step error 
correction model to identify cointegrating relationship between the stock markets and 
earnings per share (EPS) and the long-term rates for seventeen markets. Again, the long-
run regression confirms the correlation between the stock market and its fundamentals that 
many investors might have in mind. That study helps provide investors with an order of 
magnitude for present and previous valuation gaps and how long they have lasted, as 
indicated by the authors.  
 
Since dividend decision is driven primarily by changes in some measure of permanent 
earnings, the dividend and earnings series should be also be cointegrated (see Marsh and 
Merton, 1987; Kao and Wu, 1991). And a trivariate model which links earnings to 
dividends and stock prices is naturally constructed to investigate the implications of the 
cointegration in the three variables. Lee (1996) finds that the stock prices, dividends and 
earnings are cointegrated with a single cointegrating vector, which suggests there is an 
equilibrium force that tends to keep these three series move together over time.  
 
Following the conventional linear present value model to explain the behavior of stock 
prices, some researchers attempt to introduce non-linearity into the stock price-dividend 
relationship. By non-linearly transforming stock prices and dividends for U.S. data in the 
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period 1871-1999, Kanas (2003) finds strong evidence of cointegration between 
transformed variables, which concluded that some empirical failures of linear present 
value model may be attributed to the neglected non-linearity relation between stock prices 
and dividends (see also Cecchetti et al, 2000; Kiyotaki, 1990).  
 
Besides cointegration analysis, the long-term relationship between stock prices and 
fundamental values has been developed and verified in mean reversion studies by plenty 
of research studies (see DeBondt and Thaler, 1985, 1987; Poterba and Summers, 1988; Lo 
and Mackinlay, 1988; Campbell and Shiller, 1988; Fama and French, 1988a,b; Fama, 
1990; Cecchetti et al, 1990; Ferson and Harvey, 1991; McQueen and Thorley, 1991; 
Campbell and Kyle, 1993; Chiang et al, 1995, Chiang, Davidson and Okunev, 1997). For 
example, Chiang et al (1995) find that asset price returns conformed to the mean reverting 
process by using earnings and dividends as proxies of fundamental values.  
 
2.4.2   Evidence from Property Stock Market 
 
Specially, very limited studies about the relationship between stock prices and 
fundamental values exist in real estate literature.  
 
Barkham and Ward (1999) analyze the long-term relationship between UK FTA property 
share sector index and SBC Warburg NAV index by applying Johansen (1991) procedure, 
and a stable long-run equilibrium relationship is suggested between the two indexes. The 
average property stock price is about 74.8% of average NAV. This result is similar as in 
Goebel and Ma (1993), which indicates, in a cointegration analysis, an equilibrium 
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relationship exists between REIT share and REIT’ NAVs, specifically, that REIT shares 
trade at 77% of NAVs. Further, a vector error correction model (VECM) is estimated to 
examine the short-term relationship between property shares and NAVs. It is found that 
the property shares fluctuate from the equilibrium relationship with a moderate speed of 
adjustment mechanism. In general, it gives support for a NAV-based valuation basis.  
 
In the Singapore context, Sing, Liow and Chan (2002) find that there are long-run 
convergence relationships of stock prices with their fundamental values with the proxy of 
DPS, EPS and NAV for 60% of listed property stocks included. Particularly, NAV and 
EPS are the most significant fundamental values in explaining the short-run dynamics of 
the stock price changes.  
 
Finally, Liow (2003)’s study investigates the long-run relationship between property 
company stock prices and their net asset values from a mean reversion perspective. In 
contrast to U.K. evidence, absence of a stable long-term relationship between the two 
series is detected by testing the cointegration relationship between the average property 
stock price and the average NAV of the sample companies. However, some evidence of 
mean reversion behavior of Singapore property shares towards the NAVs is found. Thus, 
it concludes that, NAV, as a traditional proxy to fundamental value, is a significant factor 
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2.5     Nonstationary Panel Data Approaches 
 
The analysis of unit root and cointegration in panel data has been a fruitful area of study in 
recent years, with Levin and Lin (1992, 1993) and Quah (1994) being the seminal 
contributions in this field. One major argument of conventional unit root and cointegration 
tests, just as Shiller and Perron (1985), Perron (1989, 1991), and Pierse and Snell (1995) 
indicate, is that the span of the data matters for the power of these tests on nonstationary 
variables. Therefore, adding the cross-section dimension to time dynamics by compiling 
panel datasets offers one way to deal with the “time span” problem in the testing for non-
stationarity and cointegration. The inference about the existence of unit roots and 
cointegration can be made more straightforward and precise by taking account of cross-
section dimension.  
 
A variety of issues arise when panel data are employed. Some require a balanced panel 
with no missing data for any panel member, whereas others allow for an unbalanced panel 
setting. And the asymptotic behavior of the panel’s two dimensions, and N T , is another 
important theoretical consideration.  
 
2.5.1    Panel Unit Root Test Methods 
 
Initial theoretical work on nonstationary panel data focuses on testing for unit roots in 
univariate panels. Levin and Lin (1995) demonstrates that implementing a unit root test on 
a pooled cross-section data set, rather than performing separate unit root tests for each 
 
Chapter 2 Literature Review                                                                                                                         27                            
individual series, can provide ‘dramatic improvements in statistical power’. Panel unit root 
test methods have been developed by many researchers, such as, Levin and Lin (1992, 
1993) 5 , Quah (1994), Im, Pesaran and Shin (1997), and Madalla and Wu (1999), etc, to 
test the stationarity property of the time-series variables on a pooled cross-section and 
time series data set.   
 
Quah (1994) studies the standard unit root null in homogeneous panels for which the time 
series and cross sectional dimensions grow large at the same rate. Levin and Lin (1992, 
1993), which are viewed as pooled Dickey-Fuller/Augmented Dickey-Fuller tests, derive 
panel unit root tests with heterogeneous dynamics, fixed effects and individual specific 
deterministic trends. The coefficient of the lagged dependent variable is restricted to be 
homogeneous across all units of the panel in these two tests.  
 
Im, Pesaran and Shin (1997) suggeste a panel unit root estimator based on a group mean 
approach. The null hypothesis is that every time series in the panel is non-stationary whilst 
extending the Levin-Lin’s test by permitting heterogeneity of the autoregressive root 
under the alternative hypothesis.  6
 
More recently, Maddala and Wu (1999) offer an alternative nonparametric test strategy by 
proposing an average p -values due to Fisher (1932) rather than test statistics for unit 
roots.  
________________________ 
5   The working paper by Levin and Lin (1992, 1993) was finally published in 2002, with Chu as a coauthor.   
6    Please refer to Chapter 4 for details.  
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By exploiting more information, panel unit root tests offer the prospect of ameliorating 
some important weakness of existing single time series, including low power and large 
size distortions. Applications of panel unit root methods have included Bernard and Jones 
(1996), Coakley and Fuertes (1997), Evans and Karras (1996), Frankel and Rose (1996), 
Lee, Pesaran and Smith (1997), MacDonald (1996), O’Connell (1998), Oh (1996), Papell 
(1997), Wei and Parsely (1995), and Wu (1996).  
 
2.5.2    Panel Cointegration Test Methods 
 
Further, the issue of whether some nonstationary time series variables are cointegrated has 
been given much attention in a panel context (Kao and Chiang, 1998; Pedorni, 1995, 1996, 
1997a; McCoskey and Kao, 1998a; Phillips and Moon, 1999a).  
 
The first approach can be typified as a panel version of the Engle and Granger (1987) 
residual-based two-step procedure, which implies both homogeneous long-run coefficients 
and homogeneous adjustment parameters with only assumed heterogeneous serial 
correlation in the residual panel unit root test. Groen (2000) successfully applies the panel 
Engle-Granger procedure on the monetary exchange rate modle for 14 OECD countires. 
However, the main disadvantage of this approach is that differences in adjustment speeds 
and dynamics across individuals are not taken into account (Groen and Kleibergen, 2003).  
 
The opposite viewpoint is an approach in which all of the model parameters and statistics 
derived from the residuals-based regressions are assumed to be heterogeneous in nature 
and independent of each other, Pedroni (1995, 1997a, 1999) studies properties of spurious 
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regressions, and tests for the null of no cointegration in both homogeneous and 
heterogeneous panels. For heterogeneous panels, Pedroni (1995, 1997a, 1999) provides 
asymptotic distributions for test statistics that are appropriate for various cases with 
heterogeneous dynamics, endogenous regressors, fixed effects, and individual specific 
deterministic trends. Based on fully modified OLS (FMOLS) principles, Pedroni (1996, 
2000a) develops methods for estimating and testing hypothesis for cointegrating vectors in 
dynamic time series panels.  Another paper dealing with residual based tests in the 
presence of spurious regression problem is Kao (1999), which applies Dickey-Fuller (DF) 
test and Augmented Dickey-Fuller (ADF) test to test the null of no cointegration. Kao and 
Chiang (1999) derive limiting distributions for the OLS, FMOLS, DOLS estimators in 
cointegrated regressions and shows they are asymptotically normal. And, a Panel test with 
a null hypothesis of cointegration is proposed by McCoskey and Kao (1998), which is an 
extension of Lagrange Multiplier (LM) test and locally best invariant (LBI) test for MA 
unit root.  
 
Applications of the panel cointegration tests developed in Pedroni (1995, 1997a) include 
Butler and Dueker (1999), Canzoneri, Cumby and Diba (1996), Chinn (1997), Chinn and 
Johnston (1996), Neusser and Kugler (1998), Obstfeld and Taylor (1996), Ong and Maxim 
(1997), and Taylor (1996), which are all limited to cointegrating regressions with one 
regressor. Kao, Chiang and Chen (1999) apply panel cointegration tests to a model for 
productivity with multiple regressors, but cointegrating vectors are assumed to be 
homogeneous across all units. Applications of panel cointegration test have focused 
mainly on testing the purchasing power parity hypothesis and the growth convergence 
hypothesis (Banerjee, 1999).  
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2.5.3    Some Related Empirical Applications  
 
Kelly and Mavrotas (2003) use Pedroni’s panel cointegraiton for a dynamic heterogeneous 
panel of 17 African countries to examine the impact of financial sector development on 
private savings. By using panel unit root tests developed by Im, Pesaran and Shin (1997), 
Chou and Lee (2003) provide evidence on the stationarity of audit fees and the major 
explanatory variables used in the audit pricing model and cointegration analysis of audit 
pricing model was conducted with error correction model (ECM).  
 
In real estate literature, by pooling information from 15 commercial mortgage-backed 
securities (CMBS) in Singapore, Ong and Maxam (1997) provides an empirical 
examination of the time series behaviour of CMBS and the evidence that CMBS prices 
move in a tight relation with corporate bond prices in the long run from Pedroni (1995)’s 
panel cointegration application. To validate the use of initial yields in appraisal, Pedroni’s 
panel cointegration is applied in Ong et al (2002) to support the long-term relationship 
between rentals and prices for income-producing properties in Singapore successfully.   
 
Cook (2003) uses asymmetric unit root test to examine long run convergence in regional 
house prices in the UK and thus presents an alternative approach in estimating long run 
relationship in real estate literature.  The results suggest that while regions in the South 
East of UK experience faster convergence following downswings in prices, other regions 
exhibit more rapid convergence following increases in prices.  
 
2.6     Estimators of Dynamic Panel Data Models 
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The dynamic panel data models, which arise particularly in cross-section analysis, are 
brought increasing interest with reasonably large numbers in time series observations T  
and/or the group members . The parameters of interest mostly focus on the long-run 
effects and the speed of adjustment to the long run. A variety of estimation and inference 
procedures are suggested in the literature.  
N
 
Among them, there are two commonly used procedures used for such panels. The first 
involves estimating separate equations for each group and averaging the coefficients over 
groups, which is referred to as mean group (MG) estimator proposed in Pesaran and Smith 
(1995) (extended in Im, Pesaran and Shin (1996)). The second is the traditional pooled 
estimator, such as the dynamic fixed effects (DFE) estimator proposed in Anderson and 
Hsiao (1981), where the intercepts are allowed to differ across groups while all other 
coefficients are imposed to be the same. However, the coefficient homogeneity 
assumption seems too restricted and implausible for many applications.  
 
Pesaran, Shin and Smith (1999) combine the above “averaging” and “pooling” procedures 
by considering an intermediate estimator called pooled mean group (PMG) estimator. It 
allows the intercepts, short-term coefficients and error variances to differ freely across 
groups, but constrains the long-run coefficients to be the same. Just as they indicate, there 
are good reasons to expect the long-run equilibrium relationships between variables to be 
common across groups, due to budget or solvency constraints, arbitrage conditions, or 
common technologies influencing all groups in a similar way. The PMG estimate is 
deemed to be preferable to the MG estimate on the grounds of their better precision and 
the fact they are less sensitive to outlier estimates (Pesaran, Shin and Smith, 1999). In 
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addition, the control for the short-run heterogeneity problem across groups also makes the 
PMG over the traditional DFE estimate.  
 
The primary difference between the various panel data estimators, such as MG, PMG, 
DFE, is the degree to which they impose homogeneity across the groups with respect to 
variances, short or long-run regression slope coefficients and intercepts. Among the three 
estimators, the least restrictive procedure is the MG estimator. It imposes no homogeneity 
and is calculated as the mean (across individuals) estimates of the long-run, short-run and 
the adjustment coefficients. The next least restrictive estimator is the PMG estimator that 
imposes equality of full or part of the long-run coefficients, but allows the short-run 
dynamic coefficients and error variances to differ across the groups. The DFE estimator is 
the most restrictive among the three, which imposes homogeneity on the long-run 
coefficients as well as on the short-run coefficients. However, the DFE estimator still 
allows variances to be different across individuals.  
 
2.7     Summary 
 
This chapter provides a foundation before we conduct empirical investigation about the 
relationship between property stock prices and NAV which is deemed as one natural 
proxy for fundamental values. As a start, the common stock valuation theory and 
fundamentals are first reviewed, dividends and earnings are deemed as the major proxies 
for fundamental values in common stock markets. For the special case- property stock, 
NAV has been considered to be generally related with the valuation of property companies, 
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thus to be a natural proxy for fundamental values of property stocks. Hence, in the long 
run, the value of property company shares should be fundamentally linked to the 
underlying net asset values, indicated as Barkham and Geltner (1995).  
Then, the evidence of the long run relationship between stock prices and fundamental 
values is provided both from common stock market and from property stock market. 
Though, dividends and earnings, as two commonly used proxies for fundamental values, 
have been detected to correlate with stock prices in the long run, there is lack of empirical 
evidence about the long run and short run relationship between property stock prices and 
NAV in real estate literature.  
 
Because of the development of integration and cointegration approaches in the panel 
context, cross section dimensions are added into time series dimensions. They provide 
considerable promise for empirical research considering the abundance of data and allow 
researchers to selectively pool the long run information contained in the panel, while 
permitting the short run dynamics to be heterogeneous among different members of the 
panel. Thus, an overview of the nonstationary panel methods is useful and informative 
before we examine the long-term relationship between property share prices and NAV in 
the subsequent chapters. However, little work has been found to attempt nonstationary 
panel approaches in this field. Therefore, this study will fill in this gap and serve as a 
contribution to investigate the long run relationship between property share prices and 
NAV by pooling the information in the panel datasets. Finally, the review about the 
estimators of dynamic panel data models provides some background information about the 
estimator choosing when testing the dynamic panel data model in error correction form in 
this study. 
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Chapter 3 
LISTED PROPERTY COMPANIES IN EIGHT ASIAN 
PROPERTY MARKETS – STOCK PRICES AND NAV 
 
3.1    Introduction 
 
This chapter provides some historical information about stock prices, NAV, as well as 
NAV discount of the sample property companies in eight Asian property stock markets: 
Australia, Hong Kong, Indonesia, Japan, Malaysia, Philippines, Singapore and Thailand. 
At first, some market review of the eight Asian countries is provided in Section 3.2. Next, 
Section 3.3 presents some summary statistics about the market performance of the sample 
listed property companies in the above eight Asian markets. Then, Section 3.4 discusses 
the time-series behavior and characteristics of average share prices and NAV. Finally, 
NAV discount of the sample companies in the study period in each market is analyzed in 
Section 3.5.  
 
3.2   Some Market Reviews of the Eight Asian-Pacific Countries  
 
Before we probe into the characteristics of stock prices and NAV in those eight property 
markets, some market reviews are provided at first as the basic background information 
about the economic condition, the characteristics of property market and stock market.  
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Australia is deemed as a world-leader in terms of shareownership, given that 50% of the 
Australian adult population now owns shares either directly or indirectly. The market 
capitalization of domestic equities listed on the Australian Stock Exchange has grown 
from approximately $198 billion in 1992 to $770 billion in 2003. The volume of equities 
trades has risen by approximately 665% over the same period. The combination of this 
factor and the growing market capitalization of the market have combined to increase the 
depth and liquidity of the market - two of the most crucial elements, along with integrity 
of a successful market. The structure of the market has also changed dramatically. In 2001, 
listed property trust (LPT) has been included in the major asset classes characteristic of 
the Australian investment scene by Towers Perrin. The average return of listed property 
sector over a 10-year period to 2000 is 12.3%, a little lower than the value of 13.5% of 
Australian shares, the biggest sector in Australian stock market.  It remains competitive 
against other asset classes, particularly on a risk-adjusted basis. (Source: market overview 
from ASX) 
 
Hong Kong is a densely populated island with more than six million people living in a 
total area of 1,092 square kilometers, as Brown and Chau (1997) state.  The total value of 
all real estate in Hong Kong exceeds the total value of all shares and money. Property and 
construction currently contribute 23.5 per cent to Hong Kong’s gross domestic product 
(GDP), with this contribution having been over 20 percent since 1982 (Walker et al, 1995). 
Properties and finance are two important sectors which account for more than 50% of the 
stock market capitalization. In fact, before 1995, property and construction stocks 
contributed approximately 25% to Hong Kong’s total stock market capitalization, with 
this being significantly greater than that seen in other South-East Asian and western 
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countries. The major significance of property companies to the Hong Kong stock market 
was also reflected in six of the top ten companies listed, and ten of the top 20 companies 
listed, being property or strongly property-related companies (see Walker et al, 1995). The 
share of the properties sector increased from about 25% to 31% due to a rapid increase in 
property prices in 1996. According to Tse (2001), real estate-related firms accounted for 
over 30% of Hong Kong’s stock market capitalization. The significant contributions of 
listed property company shares to the stock market capitalization may come from heavy 
capital investment expenditure in property.  
 
Japan’s place in world business and economics affairs is well established. Even during the 
recession of 1990s, Japan’s economy was ranked second only to the United States. With 
the fast development of Macroeconomy, the high density of population and scarcity of 
land caused real estate assets play dramatically important role in Japan. In the periods 
during which the land and building value rise rapidly, which are highly exemplified by the 
“bubble era” of the 1980s in Japan, people who sought great wealth considered that the 
shortest route to this financial success was to buy real property. In addition, in Japan, real 
estate holdings have been a symbol of corporate leadership. Many of the major Japanese 
businesses have large real estate holdings—far beyond their corporate headquarters and 
branch offices and industrial plants around the world. Under this environment, the real 
estate asset prices raise up quickly. In late 1991, the total land value in Japan was 
estimated at nearly $20 trillion. This was more than 20 percent of the world’s wealth, or to 
put it in some other contexts, about double the world’s equity markets or half again as 
large as the world's bond markets (Stone and Ziemba, 1993). On the other hand, a lot of 
capital streamed into real estate industry. We can refer to real estate mortgage loan as a 
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percentage of the overall bank loan value. In 1984, it is 17%, and in 1987 it has ascended 
to 20%. In the March of 1992, the real estate mortgage value is 150 trillion Yen, as 35.5% 
of overall bank loan. In 1995, the real estate sector contributes to GDP with 3 percent 
(Walker et al, 1995). With the development of direct real estate market, a large number of 
Japanese real estate companies offer securities to the investing public in Japan and 
overseas. Till now, real estate sector has been one of an importance sector in Tokyo Stock 
Exchange. According a survey of UBS Investment Bank in 2003, the value of listed real 
estate in Japan is about 58 billion US$, as well as 10 percent of world listed real estate, 
and 4-5 percent of Japan stock market capitalization. Moreover, Japan has also led the 
Asian REIT market in recent years.  
 
The real estate market in Singapore has developed in tandem with the economy. In 
Singapore, the property market plays an important role in the macroeconomic level as well. 
Ng (2002) states that, private residential investment accounted for 5.8% of Singapore’s 
real GDP and 17% of gross fixed capital formation between 1990 and 2001. In fact, 
private sector investment in residential buildings constituted 66% of overall residential 
building investments (based on 1990 prices) over the same period, despite the fact that 
88% of resident households were living in public housing estates in 2000. Commercial 
real estate (shop and office) is one of the three key sectors of Singapore Property market. 
The estimated capital values of the office and retail spaces at December 2001 are 
approximately S$51.6 billion and S$34.8 billion dollars respectively. They are about 37% 
and 25.1% of the Republic’s Gross Domestic Product (GDP) in the same year, and the 
sum total (S$86.4 billion) is about 1.2 times 2001’s gross national savings. The stock of 
commercial space thus represents a significant share of the nation’s wealth and productive 
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capital. The strong performance of direct property has also been translated into higher 
profit and better performance for property equities listed on the Stock Exchange of 
Singapore. Over the past years, the growth in the public real estate market (property 
equities) has been impressive--- from a market capitalization of about S$ 1.99 billion at 
the end of 1986 to nearly S$29.2 billion at the end of 1996. In 2001, the total market 
capitalization of property stock sector is about S$20 billion as approximately 9.3% of 
SGX (Singapore Stock Exchange) market capitalization. The major significance of 
property companies to the Singapore stock market is also reflected in five of the top thirty 
companies listed on the local bourse in 1996. Moreover, in recent years, Singapore has 
developed its REITs market as a leading position in Asia.  
 
Malaysia is one of Asian tiger economies, having enjoyed strong economic growth 
exceeding 8% in each of the year from 1989 to 1997. Only the Asian Financial Crisis in 
1997-1998 has slowed the economic growth. Importantly, Malaysia was the first Asian 
country to develop the listed property trusts as an effective indirect real estate investment 
vehicle in 1989. Traditionally, property sector is also a pillar for Malaysian economy with 
its contribution to GDP up to 13% (Walker et al, 1995). Since 1989, the number of listed 
property companies has doubled in numbers on the Property Sector of the Kuala Lumpur 
Stock Exchange (KLSE). This is in contrast with the pre-currency crisis of RM57.8 billion 
market capitalization of the Property Sector in 1996. In 2002, there are 77 property 
companies listed on the KLSE. Most of these companies are active as property 
development companies carrying out housing development. Property shares are popular 
among investors, particular small investors. The amount of listed property companies is 
9% of all of the listed companies in KLSE. The contribution of the Property Sector to the 
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KLSE market capitalization is about 4.4% at the end of year 2000. It should be noted that 
there are conglomerates and well diversified corporate companies in other sectors of the 
KLSE which also holds considerable property interests such as the Trading/Services 
Sector. Thus, the role property plays in the KLSE market capitalization is greater than that 
of the Property Sector alone. According the data of 2000, trading of property shares 
continue to be a large majority of the counters with annual turnover of less than 50% of 
the listed share per year (Ting, 2002). 
 
The Philippines was less severely affected by the Asian financial crisis of 1998 than its 
neighbors. From a 0.6% decline in 1998 GDP growth accelerated to 4.4% in 2002 and 
4.2% in 2003 in the context of a global economic slowdown. In 2004, the property market 
in Philippines has started to show signs of a firm recovery. In light of the easing vacancy 
rates in the office sector and encouraging absorption of residential condominiums, land 
values have posted an uptick since it started to fall in 1998. The Philippine property sector 
with a combined market capitalization of 386.7 billion pesos accounts for 28.6% of the 
total market cap. The sector aggregated 71.5 billion pesos in trading turnover in 1995, or 
9.3% of the total market. At 66% EPS growth for 1996, the property sector is the fastest 
growing sector in the Philippine equity market. (Source: DAIWA Institute of Research 
(H.K.)) 
 
Thailand has a free-enterprise economy and welcomes foreign investment. Thailand has 
recovered from the 1997-98 Asian Financial Crisis and was one of East Asia's best 
performers in 2002. Thailand's economy has been doing even better. Increased 
consumption and investment spending pushed GDP growth up to 6.3% in 2003 despite a 
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sluggish global economy. The market value of Thailand property sector represented 12% 
of the whole stock market in 1993, only next to the finance sector with a value of 20%. 
(Source: ABN AMRO Bank N.V. Europe) 
 
The rapid economic growth of Indonesia is mirrored by its vibrant property scene and 
constantly changing skyline. With one of the lowest office rental rates of the Asian-Pacific 
countries and low land prices, and given the government’s efforts to deregulate the 
property sector, Indonesia property market is poised for further growth and development. 
The development of the Indonesian property market began to gain momentum in the late 
1980s. The period 1990-1994 saw a boom in construction activity which centered on 
office buildings, hotels, apartments and housing. As a result, the construction component 
of GDP grew at 11.7% per annum during this period, nearly double the government’s 
target of 6%. (Source: Schroder Securities (Asia))  
 
3.3    Market Performance of Listed Property Companies in Eight  
         Property Stock Markets 
 
Listed property companies are the companies listed in property sector in stock market in 
each country. The term “Property Company”, in countries such as Singapore, Hong Kong, 
etc, refers to an enterprise that derives a large proportion of its income from selling 
properties, or from renting it out. In each country, some major listed property companies 
are constituted into weighted property stock index to measure the market performance of 
the whole property sector, such as, the SES All-Equity Property Index in Singapore, the 
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Hang Seng Property Index in Hong Kong, the Kuala Lumper SE Property Index in 
Malaysia, and so on. For Example, Hang Seng Property Index is comprised of six major 
property companies, though around 100 property companies exist in Hong Kong property 
market for total. In this study, the sampling frame is expanded from the member 
companies in property index to all the property companies listed in stock exchange in 
different countries, though, finally, only 248 listed property companies in eight Asian 
markets are included. The breakdowns are 14 (AUS), 36 (HK), 7 (IND), 108 (JP), 36 
(MAL), 20 (PHI), 16 (SIN) and 11 (THAI).  
 
Table 3.1 summaries some major performance indicators of sample listed property 
companies in each market. The yearly average of market value (MV), net tangible assets 
(NTA) , and price-earnings ratio (P/E) over the period of 1995 to 2003 are calculated first 
for each company. Then, the mean, the minimum, the maximum and the total sum value 
are reported and compared.  
7
 
The results from the table show that, the range of mean of MV of sample listed property 
companies over 1995 to 2003 among the eight property markets is 159.642 to1521.273 
(million US$). The 36 listed property companies included in Hong Kong take possession 
of the highest mean of MV, followed by the listed property companies in Japan, while 
Malaysia holds the lowest value. In the meanwhile, the mean of NTA varies in the range 
of 112.403 to 1629.420 (thousand US$). Similarly, the property stocks in Hong Kong 
______________________ 
7   Net tangible assets is defined as total assets, excluding intangible assets less total liabilities, minority 




 Table 3.1 Summary of Major Performance Indicators of Sample Listed Property Companies 
in Eight Asian Markets over 1995 to 2003 
          AUS HK IND JP MAL PHI SIN THAI
No.          14 36 7 108 36 20 16 11
MV  Mean 1906.354 11810.306 3287894.857 154510.837 476.694 10262.914 1226.791 5152.941
(1177.399) (1521.273) (773.8069) (1374.283) (159.642) (320.585) (784.320) (168.049)
Min 18.546 127.6 40554 1880 109.94 117.33 88.787 638.25 
(12.196) (16.446) (10.66) (17.179) (36.917) (3.743) (56.699) (20.322) 
 Max 6614.2 147030 11425000 2791800 1404.9 99488 6334.6 29783 
  (4248.1) (18924) (2448) (24289) (508.44) (3003.3) (4043.9) (954.44) 
 Sum 26688.956 425171.02 23015264 16687170.4 17160.98 205258.28 19628.66 56682.35
  (16483.59) (54765.83) (5416.648) (148422.6) (5747.123) (6411.692) (12549.12) (1848.534)
NTA  Mean 1407.878 12653.385 1353155.571 92793.306 452.739 6807.862 1373.381 3700.561
(876.192) (1629.420) (268.559) (816.716) (135.316) (178.650) (855.394) (112.403)
 Min 31.263 221.93 44499 1928.3 31.105 271.82 100.72 655.68 
  (20.303) (28.594) (8.930) (17.073) (10.069) (6.256) (62.149) (17.303) 
 Max 4619.6 122350 3009900 1246900 1246.4 41172 4826.1 13222 
  (2878) (15741) (631.690) (10888) (369.110) (1046.900) (2964) (386.170)
 Sum 19710.293 455521.85 9472089 10021677.1 16298.6 136157.23 21974.1 40706.17
  (12266.683) (58659.119) (1879.911) (88205.374) (4871.371) (3572.998) (13686.304) (1236.432)
P/E Mean 19.986 18.813 11.171 88.519 161.137 32.501 36.018 38.005 
 Min 13.278 3.8 5.8125 4.871 2.1 7.5667 7.74 9.7 





     Note:   [1]:  “No.” indicates the number of sample property companies included. 
                 [2]: The numbers in brackets are in U.S currency, and those above are reported in local currency.  
                 [3]: MV is measured in million, and NTA is measured in thousand.  
     Source:  DATASTREAM  
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enjoy the highest mean of NTA over the same period of 1995 to 2003, while Malaysia 
ranks the second lowest in this measure  
 
By examining the minimum and maximum mean of MV and NTA of specific sample 
firms in each market over 1995 to 2003, some consistency results about the positive 
relationship between MV and NTA can be further detected.  In Australia, the property 
company WEBS has the lowest mean value of MV and NTA simultaneously. In Hong 
Kong, the highest mean of MV and NTA belongs to CHGK, while WINF reports the 
opposite. Also, in Indonesia, RAM owns the lowest mean of both MV and NTA, while 
CN enjoys the highest MV and NTA in Japan. Further, the lowest mean of MV and NTA 
in Singapore is reported by CHMI, and last, LAHT holds the biggest mean of both 
measures in Thailand.  
8
 
Hence, some consistencies are derived on the positive relationship between property 
companies’ market value and their net tangible assets, which also strongly supports the 
existence of a close relationship between property stock prices and NAV (per share).  
 
Table 3.1 also compares the average P/E ratio over 1995 to 2003 among the eight property 
markets. Theoretically, a stock’s P/E ratio tells us how much investors are willing to pay 
per dollar of earnings. The P/E ratio is interpreted as a reflection of the market's optimism  
 
___________________________ 
8   The performance indicators for individual companies are reported in Appendix 1. 
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concerning a company's growth prospects. A company with a high P/E ratio will 
eventually have to live up to the high rating by substantially increasing its earnings, or the 
stock price will need to drop. The property companies in Malaysia and Japan report the 
highest average P/E ratio with a value of 161.137 and 88.519 respectively, followed by 
those in Thailand, Singapore and Philippines in a range of 32.501 to 38.005, next by those 
in Australia and Hong Kong with an average P/E ratio of around 20, and the property 
companies in Indonesia show the lowest average P/E ratio with a value of 11.171.  
 
3.4   Behavior of Share Prices and NAV of Listed Property Companies 
 
In this section, the performance behavior of share prices and NAV in eight Asian property 
stock markets are examined and discussed. For a holistic review, the quarterly sector 
average share prices and NAV among the sample companies are constructed for each 
market from 1995 to 2003, and the summary statistics of mean and standard deviation are 
presented in Table 3.2. For comparison, the summaries in U.S. currency are also supplied.  
 
From the summary in Table 3.2, it is noticed that the property companies in Japan has the 
highest value of average share prices and NAV over the period of 1995 to 2003 
(US$6.328 and US$4.664, respectively), with those in Philippines recording the lowest 
mean of both P and NAV (US$0.166 and US$0.141, separately). This provides a direct 
evidence of the positive relationship between property share prices and NAV. In addition, 
besides Hong Kong, the mean value of average share prices is uniformly above that of 
average NAV in all other seven securitized property markets. That is to say, among the 
 
                                                                                                  
 
Table 3.2  Summary Statistics of Quarterly Average P, NAV, and Return of P among Sample Property 
Companies in Asian Property Stock Markets from 1995 to 2003 
 
            AUS HK IND JP MAL PHI SIN THAI
                    
P Mean 4.574  9.288  3818.511 714.406  2.640  5.026  3.280  28.516  
    (2.971)        (1.197) (1.020) (6.328) (0.909) (0.166) (2.109) (1.018)
 SD 0.581  2.348  1763.384 158.280  1.828  4.272  1.526  32.633  
(0.620) (0.305) (1.083) (1.943) (0.807) (0.183) (1.198) (1.362)
NAV Mean 2.551  15.606  1234.944 533.924  1.785  5.167  2.880  6.277  
    (1.635) (2.010)  (0.244) (4.664)  (0.536)  (0.141)  (1.796)  (0.201)  
 SD 0.253  2.307  204.059  9.069  0.138  0.850  0.341  0.583  
(0.142) (0.303) (0.138) (0.506) (0.088) (0.052) (0.391) (0.166)
P (%)   Mean 0.961 -0.050 -2.211 -1.138 -3.191 -6.067 -2.059 -4.563 
  SD 6.437 15.164 23.228 9.463 23.404 15.135 19.491 33.916 
  Min. -15.500 -40.110 -73.369 -19.748 -88.490 -40.850 -56.152 -69.241 
   Max. 13.341 25.310 37.094 15.276 44.500 29.279 47.760 72.134 
   Kurtosis 0.864 0.840 1.274 -0.585 4.360 0.194 1.675 -0.390 
  Skewness -0.543 -0.801 -0.778 -0.081 -1.290 0.059 -0.261 0.235 
       
        
          
                 Note:  [1]:  The numbers in brackets are in U.S. currency, above which are the numbers in local currency.  
           [2]:  “SD” indicates the standard deviation. 
           [3]:  “P (%)” represents the return of P, and the numbers for mean, SD, Min. and Max. are all measured in percentage.  
Source:   DATASTREAM 
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eight Asian-Pacific markets, only in Hong Kong, the listed property company shares trade 
at a discount to their NAV, which will be further discussed in section 3.5 in details. 
 
Table 3.2 also records some descriptive statistics of the mean of quarterly return of share 
prices from 1995 to 2003 in different markets. Other than Australia with a positive value 
of 0.961%, all other seven Asian property stock markets encounter the negative mean 
return of share prices with the impact of Financial Crisis bursting on July 1997. The 
shareprices in Thailand appear a higher volatility in average returns with a standard 
deviation of 33.916%, followed by those in Malaysia and Indonesia. Three markets record 
significant excess kurtosis at the 10% level (Indonesia, Malaysia and Singapore). And 
only one country shows the evidence of skewness (Malaysia).  
 
Figure 3.1 provides the intuitive illustrations about the trends and variations of the mean 
returns of share prices of sample property companies in each market. And the eight Asian 
property stock markets are grouped into two panels according to developed markets and 
developing markets: Panel A, Australia, Hong Kong, Japan and Singapore; Panel B, 
Indonesia, Malaysia, Philippines, and Thailand. From the figure, it can be detected that the 
mean returns of share prices in each market fly away randomly in the short term but 
converge to their central tendency (or mean) in the long run. This phenomenon also 
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Figure 3.1 Quarterly Mean Returns of Share Prices in Eight Asian Property Stock 
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3.5     NAV Discount 
 
That property company shares trade at a discount (or premium) of net asset values, which 
means that the property company shares prices are lower (or higher) than the underlying 
asset values, has been one intriguing issue to researches in recent years. Adams and 
Venmore-Rowland (1990) indicates that the discount to NAV can be deemed as one of the 
key factors determining the investment strategy, as shareholders believe that discount to 
NAV can reflect the potential of property companies. NAV discounts often drop a hint 
that the underlying assets are undervalued, and the raising potential of share prices exists 
in front of shareholders.  
 
NAV discount/premium (DISC) can be calculated on the following basis: 
                                           NAV DISC = 100(NAV-P)/NAV                                     (3.1) 
where NAV = Net asset value per share, P = Price per share 
Hence, a positive result indicates a NAV discount whilst a negative value signifies a NAV 
premium.  
 
Table 3.3 summaries some description statistics of quarterly unweighted sector average 
NAV discount/premium over a period of 1995 to 2003 in eight Asian property markets. 
The unweighted sector average is simply the average of the share price 
discounts/premiums of all sample firms selected in each market in a particular quarter. In 
three markets (Australia, Japan, and Thailand), the property shares trade at NAV premium 
consistently over the whole period. In Indonesia and Malaysia, NAV premiums appear in 
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most quarters (34 quarters and 23 quarters, separately). On the opposite, the property 
shares in Hong Kong, Philippines, and Singapore, are mostly at NAV discount from 1995 
to 2003. Especially in Hong Kong, only in one quarter exists NAV premium.  
 
 
Table 3.3 Summary Statistics of Sector Average NAV DISC in Asian Markets 
from 1995 Q1 to 2003 Q4 
 
 Mean SD Min Max 
No. of Quarters with 
NAV premium [%] 
No. of Quarters with 
NAV discount [%]
     
AUS -99.43 56.13 -220.62 -40.68 36 [100] 0 [0] 
HK 32.10 17.28 -14.84 59.21              1 [3] 35 [97] 
IND -632.02 579.27 -1735.40 15.37            34 [94] 2 [6] 
JP -54.36 43.70 -156.44 -3.54            36 [100] 0 [0] 
MAL -121.85 189.17 -493.67 48.67            23 [64] 13 [36] 
PHI -41.76 132.59 -390.11 70.51            12 [33] 24 [67] 
SIN -2.24 44.49 -88.77 50.39            13 [36] 23 [64] 
THAI -970.79 720.54 -2530.70 -93.90            36 [100] 0 [0] 
Note:  
[1]:  “[%]” reports the percentage number of no. of quarters with NAV discount/premium. 
 
 
Figure 3.2 illustrates the behavior of sector average NAV discount/premium in 8 selected 
Asian property stocks for 36 quarters. The trends of sector average share prices and NAV 
are set as background for reference, though the sector average NAV DISC is not a simple 
calculation of them by applying the expression (3.1). Just as Table 3.3 shows, the line of 
NAV DISC in Australia, Japan, and Thailand are all below the zero mark, which is 
supported by the phenomenon that all the average share prices are above the average NAV 
over the full period. In Malaysia and Singapore, the line swings up and down and then 
keeps on above zero in recent years, which reveals a fluctuation between NAV premium 
and NAV discount. From 1998Q1 to 2003Q4, the NAV DISC line in Philippines scales to  
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above zero, which means a change from NAV premium to NAV discount in these quarters. 
And in Hong Kong, that sector average NAV exceeds average P is also consistent with 
NAV discounts in the periods. Further, it can be examined that, in all eight markets, the 
NAV DISC line shows an uprising trend from 1995 to 2003.  
 
Table 3.4 further reports the distribution of sample property companies at NAV DISC 
during the period of 1995 Q1 to 2003 Q4. It can be found apparently that for most quarters, 
the majority of property companies are at NAV premium in Australia, Indonesia and 
Thailand, while the major bulk of property companies in Hong Kong, Philippines and 
Singapore are at NAV discount. The findings are consistent with those reported in Table 
3.3.  
 
 Table 3.4 Distributions of Sample Property Companies at NAV DISC  
 
              Description AUS HK IND JP MAL PHI SIN THAI 
Consistently at NAV discount  
 
1 19 0 2 0 1 4 0 
Consistently at NAV premium  
 
5 0 1 18 0 1 1 5 
Mostly at NAV premium  
 
4 3 4 20 9 1 1 3 
Mostly at NAV discount 
 
0 12 2 40 20 15 9 2 
Fluctuating between NAV 
discount and premium 
4 2 0 28 7 2 1 1 
 
The outcomes presented in this section support the changing trend from NAV premium to 
NAV discount of property shares in recent ten years. It could be attributed to the negative 
performance of the overall stock market after 1995, especially after the financial crisis 
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breaking out in 1997. It also reveals that, because of the existing irrational investors or 
noise traders who trade not on information about fundamentals but on market sentiment, 
property shares are subject to more noise trader risk than the underlying assets and thus 
exhibit more capricious behavior. Whereas, the basic net asset values are not so sensitive 
to the traded market and hence present more stable movements just as Figure 3.2 shows.  
 
3.6     Summary 
 
In this chapter, the background information about the listed property companies included 
in this study and their share prices and net asset values are discussed and compared in 
eight Asian property stocks. The market characteristics of the eight countries are firstly 
reviewed. Then, some major performance indicators, such as market capitalization value, 
net tangible assets, P/E ratio, are averaged over the period of 1995 to 2003 for each 
property company. The statistics are summarized and compared among the selected 
markets.  Then, the behavior of quarterly sector average share prices and NAV in each 
market are analyzed and illustrated to have a view on the up and down trends during the 
study period. Finally, the NAV discount/premium is introduced and detected for each 
property sector. The findings and information in this chapter provide necessary and 
important basis before the subsequent empirical analysis between property share prices 
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4.1      Introduction  
 
Chapter two reviews that lack of empirical research is conducted on the relationship 
between property share prices an NAV for securitized real estate. Previous studies are 
mostly based on individual analysis (such as, Barkham and Ward, 1999; Sing, Liow and 
Chan, 2002; Liow, 2003), and very little work explores this issue in a panel context. By 
pooling the long run information from real estate portfolio in Asian securitized property 
markets, this chapter examines the long-term contemporaneous relationship between 
property share prices and NAV with panel data approaches.  
 
Before any application, the time-series properties of the datasets are investigated as a 
preliminary analysis in Section 4.2. Individual and panel unit root tests are introduced in 
sub-section 4.2.1 and 4.2.2, separately. Section 4.3 briefly describes Pedroni (1995)’s 
panel cointegration tests, which is applied to test for the existence of cointegrating 
relationships between property share prices and NAV. Finally, a dynamic panel data 
model in error correction form is specified in Section 4.4 to estimate the short-term 
relationship between the variables of interest and to provide the evidence of convergence 
of property share prices to net asset values in Asian securitized property markets.  
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4.2      Unit Root Tests 
 
Inference on cointegration depends on the stationary properties of the individual time 
series. In each property stock market, the conventional unit root test is first conducted on 
the series involved in this study (i.e. P and NAV) for individual listed property companies. 
Then, with pooled data, panel unit root tests are implemented to provide more powerful 
evidence of nonstationary properties of data series for the whole panel.  
 
4.2.1      Individual Unit Root Test  
 
A standard approach to test the unit root properties for individual time series is to estimate 
an Augmented Dickey-Fuller (ADF) equation (Dickey and Fuller, 1981; Said and Dickey, 
1984), which is presented below: 
                                                                  (4.1) t
p
j





                                                           t T,...,1=  
where tε  is a pure white noise error term and where )( 1−−=∆ ttt yyy
p
, and t  indicates the 
time trend for individual series. The number of lags included to eliminate the residual 
serial correlations is chosen based on SBC criterion with a preselected maximum lag in 
the ADF regression.  
 
In ADF, we test the null hypothesis H :0 0=δ  that the series  is characterized by the 
difference stationary I (1) process. The test estimate is the t  statistic of 
ty
δ  estimate. 
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A problem with the ADF tests is that the power of such tests is very low. Pantula, 
Gonzalez-Farias, and Fuller (1994) have demonstrated that unit root tests based on the 
ordinary least squares (OLS) estimator (i.e. ADF tests) are the least powerful among the 
statistics they studied. Levin, Lin and Chu (2002) indicated that, in finite samples, 
conventional unit root tests (i.e. ADF) have limited power against alternative hypotheses 
with high persistent deviation from equilibrium. Simulation exercises also pointed out that 
this problem is rather severe for small samples (Campbell and Perron, 1991).  
 
4.2.2     Panel Unit Root Tests 
 
Since the well-known low power of conventional unit root tests when applied to a single 
time series, two panel unit root tests are relied on in this study to examine the 
nonstationary property of data series over the whole panel jointly so as to provide much 
more power.  
 
4.2.2.1   Levin-Lin-Chu (2002) Panel Unit Root Test 
 
The Levin-Lin-Chu (LLC) panel unit root test is first used to test the nonstationary 
property of P and NAV across the sample listed property companies selected in each 
market, which is based on the analysis of the following equation: 










               i N,..,2,1= ; t T,...,2,1=  
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where the two-way fixed effects ( iβ  and tθ ) are allowed.  9 iβ  is the intercept. 
Considering the cross-sectional dependence (or contemporaneous correlations) across 
firms in one country, tθ  is used to subtract the effect of common time-specific 
components shared across individual firms in each panel, which is equivalent to inserting 
a set of time dummies in panel regressions whose regression coefficients are common 
across all individuals.  
 
The Levin-Lin-Chu test amounts to testing the null hypothesis that each individual series 
is , or H)1(I :0 0=iδ  for all i , versus the alternative that all the series considered as a 
panel are stationary, or :1H 0<= δδ i .  
 
Like most unit root tests in the literature, the LLC test assumes that the individual 
processes are cross-sectionally independent.  Given this assumption, they derive the 
conditions under which the pooled OLS estimate of δ  will have a standard normal 
distribution under the null hypothesis.  
 
Finally, the LLC test may be viewed as a pooled ADF test, potentially with the differing 
lag length across the units of the panel. The use of ADF test to each individual series is 
conducted as the starting point of the LLC testing procedure for unit roots.  A single t -
ratio for the panel is produced and adjusted by the mean and standard deviation terms 
which are  
________________________ 
9   Following Professor Peter. Pedroni’s advice in one personal conversation, it is always best not to use time 
trends if it does not violate the economic theory, because it uses up a lot of power to include them when 
executing panel unit root tests.  It is also applicable to the subsequent Im, Pesaran and Shin (1997) panel unit 
root test. 
 
Chapter 4 Research Methods                                                                                                                        58                            
computed by Monte Carlo simulation. The adjusted panel t  statistic is shown to have 
standard normal distribution, as ∞→N,T .   The large negative numbers of the panel t 
statistics provide the evidence of rejection of the null hypothesis.   
 
4.2.2.2   Im-Pesaran-Shin (1997) Panel Unit Root Test 
 
The Im-Pesaran-Shin (IPS, 1997) unit root test is further applied in this study, since it has 
been found to have superior test power compared with the Levin-Lin-Chu test by 
extending the LLC framework to allow for the heterogeneous δ under the alternative 










,,1,1                             (4.3) 
              i N,..,2,1= ; t T,...,2,1=  
The IPS evaluates the null hypothesis that all series in the panel are nonstationary process: 
                     :0H 0=iδ  for all i                                                (4.4) 
against the alternative hypothesis that some of the series are stationary 
:1H ,0<iδ ;,..,2,1 1Ni =  ,0=iδ .,...,2,1 11 NNNi ++=                    (4.5) 
If the null hypothesis can’t be rejected, we conclude that the panel data are nonstationary. 
 
As the LLC test, the common time effect is considered and the deterministic time trend is 
not included in the equation.  The error structure is assumed to be serially autocorrelated, 
with different serial correlation (and variances) properties across units.  
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The IPS test consists of two test statistics: a group-mean t -bar test and a group-mean LM-
bar test. The IPS t -bar test procedure is that the ADF equation is estimated separately by 
OLS for each individual series and then pooling the individual ADF unit root t  statistics 
of iδ , based on the ADF regression of order p , together by using the Central Limit 
Theorem to test the joint null hypothesis. It thereby allows for differing parameter values, 
residual variance and even different lag lengths and thus complete heterogeneity among 
individual series.  
i
 
In present study, the IPS t -bar test is only used for two reasons: firstly, the simulation 
results for the same panel data dimension in the IPS (1996) show that -bar test has higher 
power than the LM-bar test; secondly, it is easier to conduct the parameter bootstrap in the 
framework of the t -bar test.  
t
 
The IPS group-mean t -bar test is applied to test the framework of equation 3.2, which is 
computed as the average of ADF individual t  statistic for N iδ , which is defined as    









−=t                                               (4.6) 
where is the individual t  statistic for time series i  with different lag length p .  
Thus, the ADF given in equation 4.3 above is first estimated individually for each series of 
the panel and then constructs the corresponding ADF statistics, t . Then, the t -bar 
statistic is obtained as averages of the individual t  statistic for each equation, just as 
presented by equation 4.6.  
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Since the distribution for the individual ADF t  statistics are not centered around zero 
under the unit root null hypothesis, it becomes necessary to adjust for this feature to 
ensure that the distribution of the t -bar statistic does not diverge under the null hypothesis 
as the number of individual members of the panel, , grows large.  N
 
Fortunately, under the null hypothesis, the mean of the individual t  is a known 
constant as the sample size 
)(, iTi p
T grows large, as is the standard deviation of the individual 
. Consequently, the t -bar statistic is adjusted by subtracting the mean of t  
and dividing by the standard deviation, so IPS converts the t -bar statistic to a Z-bar 
statistic: 
)(, iTi pt )(, iTi p









tEtNZ −=                                                   (4.7) 
where 









, )0)(()( δ                                             (4.8) 
and 









, )0)(()( δVar                                          (4.9) 
 
Both )( ,TNtE  and )( ,TNtVar are invariant to other properties of the data such as higher 
order serial correlation, provided that the sample length T is sufficiently large. In the finite 
sample, Im et al use stochastic simulation to evaluate ),TNt(E  and )( ,TNtVar that depend 
on the sample size and the order of lags used in ADF. 
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Assuming the individual statistics are independent, we can apply the Central Limit 
Theorem to TN ,t  for , ∞→N ∞→T , and ∞→T/N . Thus, IPS assumes that the Z-bar 
statistic converges to a standard normal distribution under the null hypothesis and diverges 
to negative infinity under the alternative hypothesis. Hence the panel data unit root 
inference can be conducted by comparing the obtained TN ,t  statistic to critical values from 
the left tail of the (0,1) distribution. The large negative numbers of the Z-bar statistic 
provide the evidence of rejection of the null hypothesis.  
N
 
4.3      Panel Cointegration Tests 
 
Cointegration tests are used to detect the long-term equilibrium relationships between 
variables. In the univariate case, tests for cointegration can be classified into two 
categories. One can be labeled as residual-based test which is a single equation method 
and the other is a system method using vector autoregressions (e.g. Johansen, 1991). So 
far, most existing panel cointegration tests are in the category of residual-based tests (e.g. 
Kao, 1996; Pedroni, 1995, 1997a). The basic idea is as follows: under the null hypothesis 
of no cointegraiton, the residuals from the regression of an I variable on other I  
variables should contain a unit root, whereas under the alternative hypothesis it should be 
stationary. In this respect, testing for unit roots in the residuals is the same thing as testing 
for no cointegration. Alternatively, one can use stationary test for the residuals to test the 
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For a better understanding, we would start from Kao (1996)’s work. Kao (1996) works 
with the following regression as  
    titmimtitiiti xxxy ,,,22,11, ... εβββα +++++=                               (4.10) 
                                    for t     i;,...,1 T= ;,...,1 N=     m M,...,1=  
both  and  ( ) are all I  variables with  being either endogenous 
or exogenous to . 





, ε  is assumed to follow an AR(1) process as 
tititi ,1,, υϕεε += −                                                     (4.11) 
In his work, it only allows for fixed effects to capture heterogeneity in the cross-section 
units and assumes that both the slope coefficients and the AR coefficients to be the same 
across the units. However, the homogeneity assumptions for both the slope coefficient 
mβ and the AR coefficient ϕ are too strict in practice. For example, the homogeneity 
assumption might be acceptable only in some special cases such as testing for strong PPP, 
because it only restricts the cointegrating vectors being the same for all the units in the 
panel.  
 
Pedroni (1995, 1997a) has proposed more general residual-based tests for cointegration, 
which is applied in this study. This panel cointegration technique, just as Pedroni (1999) 
described, are intended to allow researchers to selectively pool information regarding 
common long run relationships from across the panel while allowing the associated short 
run dynamics and fixed effects to be heterogeneous across different members of the panel, 
when compared with the conventional cointegration test. The main difference between the 
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tests proposed by Kao and Pedroni is the degree of heterogeneity allowed in their panel 
data models.  
 
In its most general form, the hypothesized Pedroni’s panel cointegrating regression may 
take the form specified as below: 
                        titmimitiitiitiiti xxxty ,,,22,11, ... εβββγθα +++++++=                        (4.12) 
                                    for t     i;,..,2,1 T= ;,..,2,1 N=     m M,..,2,1=  
where T  refers to the number of observations over time, N refers to the number of 
individual members in the panel, and M  refers to the number of regression variables. In 
this study, for example, one property stock market, such as, Singapore, has 16 sample 
listed property companies with share prices and NAV series, so there are 16 different 
cointegrating equations, each of which has 1 regressor. In equation above, iα  is the 
member specific intercept, or fixed effect parameter, which is permitted to change across 
individual members. And the main feature is that the slope coefficients miii βββ ,..., 21  are 
allowed to vary by individuals. The deterministic time trends are captured by the term tiθ , 
though it may be omitted depending on the applications considered. The parameter tγ  
allows for the possibility of common effects that are shared across individual members of 
the panel in any given period, which is comparable to the inclusion of time dummies. 
Conditional on tγ , the individual error processes are assumed to be independent across 
different economies.  
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More importantly, Pedroni (1995) assumes that the error processes ti,ε  of each economy 
are not necessarily similar across different economies. In fact, since these errors capture 
the dynamics outside the long-term relationship, we can expect considerable persistence in 
the form of serial correlation in these errors. Pedroni (1997a) allows that the serial 
correlation patterns of ti,ε  will generally be different for each economy. Therefore, 
Pedroni (1995, 1997a) panel cointegration tests can allow for complete parameter 
heterogeneity across the economies whilst focusing on the existence of the common 
cointegration relationship.  
 
Based on the cointegration residuals, Pedroni (1997a) derives the asymptotic distributions 
and explores the small sample performance of seven statistics for the null hypothesis of no 
cointegration. Of these seven statistics, four are based on pooling along the within-
dimension. Numerator and denominator terms of the test statistics are summed separately 
over the N  dimension. The remaining three are based on pooling along the between-
dimension.  The ratio of numerator to denominator is obtained prior to aggregating over 
the dimension. The null hypotheses for both cases are the autoregressive coefficient of 
the estimated residual is equal to unity. Under the alternative hypothesis, the same 
coefficient is largely less than one and equal to a common value for all the members of the 
panel in the case of within-dimension group. By contrast, for the case of the between-
dimension group, this coefficient is less than one but may differ for individual member. 
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Following the terminology in Pedroni (1997a), the four within-dimension based statistics 
is referred to as panel cointegration statistics, including panel variance ratio, panel rho, 
panel t (nonparametric), panel t (parametric) statistics, while the between-dimension 
based one is called as group mean panel cointegration statistics, which include group rho, 
group t (nonparametric), group t (parametric) statistics. The rho, t  (nonparametric) and t 
(parametric) statistics for both cases are analogous to the Phillips-Perron (PP) rho statistic, 
the PP t statistic and the ADF t statistic, respectively. Each of these statistics is shown to 
have a comparative advantage in terms of small sample size and power properties 
depending on the underlying data generating process in Pedroni (1997a). In general, the 
size distortions tend to be minor and the power is very high for all statistics when the time 
span is long (T ). But, for shorter panels, with 100≥ 20=T , the evidence is more varied. 
In term of power, Pedroni shows that the group ADF statistics generally performs best, 
followed by the panel ADF and the panel rho statistics. Overall, trading off size distortion 
and power, the panel rho statistic appears to be the most consistently reliable statistic 
(Pedroni, 1997a).  
 
Table 4.1 presents the precise form for each of these seven statistics as taken from Pedroni 
(1997a). 
 
Following an appropriate standardization, based on the moments of the vector of 
Brownian motion functions, each of the seven statistics for both cases is distributed as 
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Table 4.1   Pedroni’s Panel Cointegration Statistics 
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and where the residuals ti,µˆ , , and  are obtained from the following regressions: *,ˆ tiµ tic ,ˆ






i µεϕεϕε +Α+= −
=
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                                  )1,0(/)(ˆ , NNTN ⇒−= νµχχ                                               (4.13) 
where TN ,χ  is the appropriately standardized (with respect to the dimensions N  and T ) 
form for each of the panel/group statistics as described in Table 4.1, and µ  and ν  are the 
expected mean and variance of the corresponding statistics.  
 
Under the alternative hypothesis, the panel variance statistic diverges to positive infinity, 
thus the right tail of the normal distribution is used to reject the null hypothesis. For each 
of the remaining six statistics, large negative values imply the rejection of the null of no 
cointegration, since the left tail of the normal distribution is used to reject the null 
hypothesis. 
 
4.4    Dynamic ECM Panel Data Model 
 
In this section, the variables P and NAV will be estimated using panel cointegration 
estimation procedures. Different from the static model specified in Section 4.3, a dynamic 
ECM panel data model can be estimated to attain more information, such as the possibly 
improved estimator efficiency. In addition to an efficiency gain, there are further 
advantages from estimating a dynamic (rather than static) model. First, the dynamic model 
not only yields information about long run relationships, but also estimates short run 
dynamics and the speed of adjustment to equilibrium. Second, where a cointegration 
relation does exist between variables for individuals, all terms in the dynamic ECM model 
are stationary. Hence, classical estimation and its statistical adequacy can be assessed by 
using conventional diagnostic statistics. Finally, the dynamic model adopted is a 
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convenient general framework within which some (usually untested) restrictions can be 
tested.  
 
4.4.1     Pooled Mean Group (PMG) Estimation of Dynamic ECM Panel Data Model 
(Pesaran, Shin and Smith, 1999) 
 
For the dynamic panels with T  observations and groups, the pooled mean group (PMG) 
estimator proposed by Pesaran, Shin and Smith (1999), as an intermediate procedure 
between MG estimator and DFE estimator , imposes the equality of the long-run 
coefficients (on the assumption that long run equilibrium relationships are similar across 
individuals), but allows the short-run dynamic coefficients, and error variances to differ 
freely across groups. There are often good reasons to expect the long-run equilibrium 
relationships between variables to be similar across groups, due to budget or solvency 
constraints, arbitrage conditions, or common technologies influencing all groups in a 




The PMG estimation is the panel extension of Autoregressive Distributed Lag (ARDL) 
framework. As a start, an ARDL (p.q.q….q) model is estimated as in Pesaran, Shin and 
Smith (1999) with the following simple specifications:  















         for  t ;,..,2,1 T=     i N,..,2,1=  
____________________________ 
10   Please refer to Chapter 2 Section 2.6 
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where  is the vector of explanatory variables (regressors) for group i (in this study, it is 
NAV), 
tix ,
iµ  represents the fixed effects, and ji ,δ ′  are coefficient vectors. Similarly, time 
trends or other types of fixed regressors, such as seasonal dummies, can be included in 
equation (4.14).  
 






















− ∑∑               (4.15)            
                       for t ;,..,2,1 T=     i N,..,2,1=  
where ; 1,,, −−=∆ tititi yyy 1,,, −−−− −=∆ jtijtijti xxx ; jtiy −∆ , and jtix −∆ , are j  period lagged 






























, δδ 1,...,2,1 −= qj ).  
 
The ARDL equations above are estimated based on the following main assumptions: 
 
Assumption 1.      The disturbances ti,ε , t T,..,2,1= , i N,..,2,1= , in equation (4.14) are 
independently distributed across i and , with zero means, variances , and finite 
fourth-order moments. They are also distributed independently of all regressors.  
t 2iσ
 
The independence of the disturbances across groups is reasonable because in most cases it 
will be possible to model any such dependence explicitly and remove it, by including any 
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observable common factors which influence all groups such as time trend. Also, Pesaran, 
Shin and Smith also indicate that ti ,ε  distribute independently across time is not very 
restrictive, and can be satisfied in most applications by increasing the distributed lag 
orders on ∆  and . The independence of the disturbances and the regressors is 
needed for the consistent estimation of the short-run coefficients, but the possible 
dependence of ∆ on 
tiy , tix ,∆
itix , t,ε  is allowed for when estimating the long-run coefficients, as 
long as  have finite-order autoregressive representations.  ti,x∆
 
Assumption 2.       The ARDL (p.q….q) model (4.14) is stable in that the roots of  







ji zλ N,..,2,1= .                                       (4.16) 
lie outside the unit circle.  
  
This assumption ensures that 0<iφ in equation (4.15), and hence a long-run relationship 
exists between  and  defined by tiy ,∆ tix ,∆ ( ) titiiiti xy ,,, / ηφβ +′−= , for each ,  Ni ,..,2,1=
where ti,η  is a stationary process.  
 
Assumption 3 (Long-Run Homogeneity)      The coefficients of the long-run relationship, 
defined by iii φβθ /−= , are the same across groups, namely 
                                                  θθ =i ,   i N,..,2,1=                                                     (4.17) 
 
Under Assumptions 2 and 3, relation (4.15) can be transformed as  
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                                                for t ;,..,2,1 T=     i N,..,2,1=  
where  
                                ( ) θθξ tititi xy ,1,, −= − .    t ;,..,2,1 T=     i N,..,2,1=                        (4.19) 
is the error correction component.  
 
Before estimating equation (4.18), there are three problems we have to notice:  
(1) the group-specific equations in the panel (4.18) are nonlinear in iφ  and θ ;  
(2) the long-run homogeneity assumption is imposed across equations; 
(3) the error variances differ across groups.  2iσ
 
To overcome the above problems, a likelihood approach is adopted and initially assumes 
that the disturbances ti,ε  are normally distributed. Given normality, a log-likelihood 
function is presented as  












2 ( ))l                (4.20) 
where , ( ) iiiiTi WWWWIH ′′−= −1 ( ),1,1,,,1,1, .......... +−−+−− ∆∆∆∆∆= qtititiptitii XXXyyW ;  
( )′′′′= σφθϕ ,, , ).....( ,2,1 ′= Nφφφφ , and . ).....( 2,22,21 ′= Nσσσσ
 
Under Assumption 1, the likelihood of the panel data model can be written as the product 
of the likelihoods for each group. Maximum likelihood (ML) estimation of the long-run 
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coefficients,θ , and the group-specific error-correction coefficients, iφ , can be computed 
by maximizing equation (4.20) with respect to ϕ . These ML estimators (MLEs) are 
termed the pooled mean group estimators to highlight both the pooling implied by the 
homogeneity restrictions on the long-run coefficients and the averaging across groups 
used to obtain means of the estimated error-correction coefficients and the other short-run 
parameters of the model. The PMG estimators are computed by the Newton-Raphson 
algorithm in this study, which makes use of both the first and second derivatives of 
equation (4.20).   
 
Pesaran, Shin and Smith (1999) derive the asymptotic distribution of the PMG estimators 
for the two cases of stationary and non-stationary regressors, thus, the error-correction 
form of the ARDL model is robust for both I(1) and I(0) variables. In the case of non-
stationary regressors, the MLEs of the long-run coefficients in dynamic model (4.18) 
converge to their true values at the rate of T , which is called “super consistency”. 
However, the MLEs of the short-run and adjustment parameters converge at the rate of 
T .  
 
4.4.2    The Mean Group (MG) estimator 
 
For comparison and for further evidence, the MG estimation on the dynamic ECM panel 
data model is also provided in this study (refer to Pesaran and Smith (1995)). Considering 
the model (4.14) and (4.15), the fixed effects iµ , the short-run coefficients, iλ , , and iδ
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the long run coefficients iii φβθ /−=  are estimated for each group i  separately. Then the 

























ˆ1ˆ δδ , = ii N 1
ˆ1ˆ θθ                  (4.21) 
where N is the number of groups. The error correction term parameters are also calculated 
by simply averaging the error correction coefficients estimated in single dynamic ECM 
model. The MG estimators are estimated by Ordinary Least Square (OLS).  
 
4.4.3     Homogeneity Tests of Long-Run Coefficients 
 
In the long run, we might expect that all groups may have a common relationship between 
variables, for example, in this study, P and NAV, in terms of the same long-run 
coefficients. However, in the short run, for each individual, the dynamic process is very 
likely to be idiosyncratic with each other in terms of different short-run coefficients. As 
section 4.4.1 describes, the PMG estimator imposes an assumption on the homogeneity of 
long-run coefficients. Tests of homogeneity of long-run slope coefficients can be carried 
out by comparing the PMG and MG estimators which are nested within equation 4.18.   
 
The MG estimator can provide consistent estimates of the mean of the long-run 
coefficients, however, will be inefficient if coefficient homogeneity holds. Under long-run 
slope homogeneity, the pooled estimators, such as PMG and DFE, are consistent and 
efficient. Therefore, the effect of heterogeneity on the means of the coefficients can be 
determined by a Hausman (1978)-type test applied to the difference between the MG and 
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PMG (Pesaran, Shin and Smith, 1999). The details of these tests are discussed in Pesaran, 
Smith and Im (1999). The Hausman test statistic is given by 
( ) )ˆˆ()ˆ(ˆ)ˆ(ˆ)ˆˆ( 1 PMGMGPMGMGPMGMG VVh θθθθθθ −−′−= −                       (4.22) 
where V  and V are consistent estimators of the variances of the MG and 
PMG. Under the slope homogeneity hypothesis, the Hausman statistic is asymptotically 
distributed as a  variate with k  degrees of freedom which is equal to the dimension 
of
)ˆ(ˆ MGθ )ˆ(ˆ PMGθ
2χ
θ . However, note that, there is no guarantee that V  will be positive 
definite, and in some case the test may not be applicable.  
)ˆ(ˆ)ˆ(ˆ PMGMG V θθ −
 
Likelihood Ratio (LR) tests indicated in Pesaran, Shin and Smith (1999) is also applied, 
though they are thought to usually reject equality of long-run or short-run slopes and/or 
error variances at conventional significant levels in the case of cross-section studies. Since 
the ML estimator is employed, the LR test can be easily carried out to select the most 
appropriate as  
                                                ( ))ˆ()ˆ(2 PMGMG LLLLLR θθ −=                                         (4.23) 
where  and are the log likelihood of MG  and PMG estimators, 
separately. For sufficient large T, the LR statistic is distributed as  variate with  
degrees of freedom, where k is the dimension of , and N is the number of groups.  
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4.5      Summary  
 
In overall, for the present study, the estimation procedure will be separated into the 
following four steps. In the first step, the individual unit root test is applied to test the 
stationary properties in P and NAV series for each listed property companies in Asian 
property markets, and only the nonstationary series are included in the next panel tests. 
Then, the panel unit root test is conducted at the second step to confirm the nonstationary 
properties for the whole panel, considering the low power of individual unit root test such 
as the ADF test. Based on these preconditions, Pedroni’s panel cointegration test is used in 
step three to test the long-run equilibrium relationship between P and NAV across firms 
for each Asian property market. Finally, the Dynamic ECM panel data model is 
constructed to estimate the short-run coefficients and the adjustments to long-run 
relationship by jointly employing the PMG and MG estimators.  
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5.1      Introduction 
 
In this chapter, the long-run and short-run relationships between P and NAV are estimated 
over a period of 1995 Q1 to 2003 Q4 in eight Asian property markets, namely, Australia, 
Hong Kong, Indonesia, Japan, Malaysia, Philippines, Singapore, and Thailand. Panel unit 
root tests, panel cointegration tests and dynamic ECM panel data model are employed for 
individual property markets in Section 5.2 and for the overall markets in Section 5.3 by 
pooling all the sample property companies in the eight markets.  
 
5.2    Empirical Results from individual property markets 
 
In this section, panel unit root tests, panel cointegration tests and the dynamic ECM panel 
data model are applied by pooling the sample property companies in each of the eight 
Asian property markets.  
 
5.2.1    Time Series Properties of P and NAV 
 
5.2.1.1   Results from Individual Unit Root Test 
 
The results of the individual unit root test (ADF test) for the sample property companies 
included in each market including Australia (14 companies), Hong Kong (36 companies), 
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Indonesia (7 companies), Japan (108 companies), Malaysia (36 companies), Philippines 
(20 companies), Singapore (16 companies) and Thailand (11 companies) are reported in 
Appendix 2.  For all level series of P and NAV, the null hypothesis of nonstationary can’t 
be rejected. Most level series are shown to be I(1), though a few  should be considered as 
I(2) due to the possibility of small sample distortion with only 36 observations. 
 
5.2.1.2        Results from Panel Unit Root Tests 
 
The results of two unit root tests for dynamic heterogeneous panels, Levin-Lin-Chu (2002) 
and Im, Pesaran and Shin (1997) panel unit root tests, are reported in Table 5.1 to present 
some joint evidence of nonstationarity for a whole panel. 
 
For both panel unit root tests, separate ADF regression for each individual in one market 
is carried out as the starting point of the testing procedures for unit roots. And the lag 
lengths in the ADF regressions are chosen separately for each company using the 
conventional step-down procedure that begins with a preselected maximum lag in the 
ADF regression, which eliminates serial correlations in error terms so as to ensure that the 
residuals are approximately white noise. In this study, a maximum lag length of six is 
considered for the quarterly data series.  
 
From Table 5.1, the LLC ADF t statistics in a range of 0.02 to 4.18 for the level of NAV 
series in all eight Asian property markets are much smaller than the critical values, while 
the estimated t statistics for the difference of NAV are substantially more negative than 
the critical values for the LLC procedure at the 1% significance level. It suggests that the 
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variable NAV follows a unit root process. The larger values than the critical values 
suggest the non-rejection of null hypothesis on the levels of P in all markets, while the null 
of unit root is rejected significantly after the first difference of P. Thus, LLC’s t statistics 
show that both P and NAV follow a unit root.  
 
Table 5.1   Results of Panel Unit Root Tests for Individual Property Market [  ]4,3,1
Country N  ]2[ LLC ADF  Statistic t IPS ADF -bar Statistic t
  P NAV ∆P ∆NAV P  NAV ∆P ∆NAV
          
AUS 14 0.45 0.98 -11.50*   -8.56* -1.01 1.08 -11.22* -10.15* 
HK 36 0.34 2.34 -20.22* -24.75* -1.15 1.10 -23.49* -29.96* 
IND 7  -1.09 0.61 -10.53*   -9.71* a99.1−  0.28 -14.74* -12.70* 
JP 108 0.60 4.18 -33.35* -34.82* -1.23 3.42 -42.16* -42.91* 
MAL 36 0.86 0.32 -23.75* -19.25* -1.09 -0.64 -28.33* -22.08* 
PHI 20 0.42 1.97 -16.67* -13.57* -0.57 1.61 -20.48* -15.99* 
SIN 16 0.47 1.40 -12.24* -11.77* -1.19 0.34 -13.89* -13.66* 
THAI 11  -0.38 0.02 -10.97* -10.53* -1.15  -0.51 -12.50* -13.40* 
Note:  
[1]:   The null hypothesis is there is unit root existing in the panel data. 
[2]:   “N” indicates the number of listed property companies pooled for each country.  
[3]:   Levin-Lin ADF t statistic here is the adjusted t statistic which follows standard normal distribution. IPS   
         ADF t-bar statistic here is the standardized group mean t-bar statistic which follows standard normal   
         distribution. 
[4]:   * represents the significance of 1% level, while a denotes the significance at 5% level.  And the  
         critical values for the 10%, 5% and 1% level are –1.285, -1.645, and –2.328,  respectively. 
          
 
Next, we turn to the results of IPS panel unit root tests. From Table 5.1, it is found that the 
large IPS ADF t-bar statistics in a range of –0.64 to 3.42 for the level of NAV test and the 
much smaller statistics tested after differencing verify again that the variable NAV is 
characterized with the property of nonstationarity in each market, or it is N . In all 
markets, the null hypothesis of a unit root can’t be rejected on the level of P, except 
Indonesia. The more negative values of IPS test statistic indicate the rejection of null 
hypothesis on the difference of P.  
)1(
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Taken together, the joint evidence from the Levin-Lin-Chu (2002) and the Im et al (1997) 
panel unit root tests strongly suggests that the P and NAV in each of 8 Asian property 
markets follow a nonstationary stochastic process, which are the good prerequisites for the 
following panel cointegration tests between P and NAV.  
 
5.2.2    Panel Cointegration Results  
 
Like unit root, individual cointegration tests also suffer from low power. By pooling the 
information of the cointegration relationships between P and NAV across firms in each 
country, it can provide much more power to examine the long run relationships between P 
and NAV in property companies. In this study, the residuals-based tests of the null of 
nocointegraiton are employed, as developed by Pedroni (1995, 1997), which are 
appropriate for heterogeneous panels in which both N and T are of moderately large 
dimension.  
 
For each market, Pedroni (1995, 1997) panel cointegration tests are carried out for 
variable P (share prices), where P is regressed on a member specific intercept, or fixed 
effects parameter, iα , a common effects parameter, tγ , and the variable NAV. 
                                             titiititi NAVP ,,, εβγα +++=                                            (5.1) 
for t ;,..,2,1 T=     i ;,..,2,1 N=    
where T = 36 ( from 1995 Q1 to 2003 Q4),  N is varied according to the number of  
property companies included in different countries. tγ  is specified to eliminate cross-firm 
common time effects so as to validate the assumption of cross sectional independence. 
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Regressions without tγ  are not investigated here, as that case is of little practical 
importance given the possible contemporaneous correlations across firms in one country.  
 
The data dependent scheme recommended in Newey and West (1994) was employed to 
set the lag truncation value of kernel estimators to the nearest integer given by 
9/2)
100
(4 TK = , where T is the number of sample observations over time. Thus, in this 
study, the lag truncation value for kernel estimators is 3 with T = 36. And the maximum 
starting truncation for conventional step-down procedure to select ADF lags for each 
individual is set to be 6 which doubles the kernel lag11 .  
 
In this study, the estimation results obtained when regressing equation 5.1 are reported in 
Table 5.2.   
 
The seven test statistics are tabulated in Table 5.2. In Australia, Hong Kong, Japan and 
Malaysia, when compared with critical values, the large positive values of the panel  
 
variance ratio statistic in a range of 2.42 to 4.18 and the large negative values of the other 
six statistics in a range of –1.58 to –5.60 reject the no cointegration null strongly, which 
provides unanimous evidence about the existence of cointegration between P and NAV of 
property companies in these four markets. In both Indonesia and Thailand, five out of the 
seven statistics suggest cointegration over the panel, while the two ADF statistics can not  
___________________________ 
11   In the personal communications with Pedroni, he usually recommends to use approximately double the 
number of the kernel lag chosen, though some people use Tperiods/5 as a rough rule of thumb and it is often 
too large.  
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reject the null hypothesis of no cointegration. The evidence of cointegration is also shown 
in Singapore, given that four out of the seven statistics reject the null hypothesis. For all 
these seven markets, the panel rho statistics, the most reliable statistic indicated in Pedroni 
(1997), reject the null hypothesis at the 5% significance level or above.  
 
 
Table 5.2   Pedroni Panel Cointegration Test Statistics for Individual 
Property Marekt [  ]5,4,3,1
 
Country  N [   ]2 Panel Statistics Group Statistics 
  V rho PP ADF rho PP ADF 
         
AUS 14 2.62* -3.52* -3.32* -3.40* -2.48* -3.16* -3.38* 
HK 36 4.18* -4.54* -4.13* -2.38* -2.39* -3.35* -2.44* 
IND 7 1.67** -2.25* -2.30* -1.18 -1.74** -2.37* -0.91 
JP 108 2.74* -3.65* -4.74* -3.47* -1.58*** -4.17* -4.25* 
MAL 36 2.42* -4.17* -4.66* -4.06* -4.18* -5.60* -5.21* 
PHI 20 -0.40 -0.23 -1.00 -0.44  0.87 -0.49  0.17 
SIN 16 1.04 -2.03** -2.38* -0.68 -1.32*** -2.52* -0.77 
THAI 11 2.57* -2.06** -1.61*** -0.61 -1.78** -1.41*** -1.03 
Note: 
[1]: The null hypothesis is that there is no cointegration between P and NAV.  
[2]: “N” indicates the number of listed property companies pooled for each country. 
[3]: V, non-parametric variance ratio statistic; rho, non-parametric test statistic analogous to the Phillips and  
Perron (PP) rho statistic; PP, non-parametric statistic analogous to the PP t statistic; ADF, parametric  
Statistic analogous to the ADF t statistic.   
[4]: Rejection of the null is one-sided standard normal distribution and involves: for variance ratio, larger  
positive values imply cointegarion; for other six, large negative values suggest cointegration.  
[5]: *, **, and *** represent the rejection of null hypothesis at the 1%, 5%, and 10% significance level. For    
the panel variance ratio, the critical values for the 10%, 5% and 1% level are 1.285, 1.645 and 2.328;  
For the other six statistics, the critical values are –1.285, -1.645 and –2.328 for the 10%, 5% and 1%  
Significance level separately.    
 
The only exception among the 8 Asian markets tested is Philippines. All the seven 
statistics do not reject the null of no cointegration, thus providing lack of enough evidence 
about the long run relationship between P and NAV of property companies in this market.   
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To strengthen the evidence, in Table 5.3, the results estimated by adding heterogeneous 
trends in equation 5.1 are also presented.  
 
Table 5.3   Pedroni Panel Cointegration Test Statistics (with heterogeneous trends) 
for Individual Property Market [  ]5,4,3,1
 
Country  N [   ]2 Panel Statistics Group Statistics 
  V rho PP ADF rho PP ADF 
         
AUS 14 1.98** -3.21* -3.92* -4.29* -1.68** -3.51* -4.48* 
HK 36 2.74* -3.90* -4.06* -2.25* -1.71** -3.12* -2.64* 
IND 7 0.56 -2.07** -2.40* -2.06** -0.78 -1.77** -1.69** 
JP 108 2.80* -3.71* -5.11* -5.05* -0.54 -3.60* -6.39* 
MAL 36 2.39* -4.92* -6.30* -5.62* -2.77* -5.70* -5.55* 
PHI 20 -0.71 -0.64 -1.58*** -1.06  0.72 -0.77 -0.43 
SIN 16  0.37 -2.32** -3.80* -1.76** -1.15 -3.53* -1.75** 
THAI 11 1.70** -2.16** -2.14** -1.22 -0.95 -1.47*** -1.54*** 
Note: 
[1]: The null hypothesis is that there is no cointegration between P and NAV.  
[2]: “N” indicates the number of listed property companies pooled for each country. 
[3]: V, non-parametric variance ratio statistic; rho, non-parametric test statistic analogous to the Phillips and  
Perron (PP) rho statistic; PP, non-parametric statistic analogous to the PP t statistic; ADF, parametric  
Statistic analogous to the ADF t statistic.   
[4]: Rejection of the null is one-sided standard normal distribution and involves: for variance ratio, larger  
positive values imply cointegarion; for other six, large negative values suggest cointegration.  
[5]: *, **, and *** represent the rejection of null hypothesis at the 1%, 5%, and 10% significance level. For    
the panel variance ratio, the critical values for the 10%, 5% and 1% level are 1.285, 1.645 and 2.328;  
For the other six statistics, the critical values are –1.285, -1.645 and –2.328 for the 10%, 5% and 1%  
Significance level separately.    
 
In Table 5.3, all the seven statistics reject the null hypothesis completely only in Australia, 
Hong Kong and Malaysia. In Japan, six out of the seven statistics show a strong evidence 
of cointegration, though the group rho statistic with a value of –0.54 does not reject the 
null. In both Indonesia and Singapore, except the panel variance ratio statistic and the 
group rho statistic, other five statistics reject the no cointegration null. Different from the 
results in Table 5.2, in all the above 6 markets, the group ADF statistic, the most powerful 
statistic for small samples rejects the null of no cointegration in a range of –1.54 to –6.39 
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at the 10% significance level or above. However, similarly, in Philippines, no enough 
evidence can be found about the cointegration between P and NAV, although the panel PP 
statistic rejects the null at the 10% significance level. Therefore, the inclusion of 
heterogeneous trends does little to alter the inference regarding cointegration between P 
and NAV.  
 
Subject to all the above qualifications, by efficiently pooling the long run information 
contained in the cross sectional dimension, there is strong support for the hypothesis that a 
cointegration relationship exists between share prices and net asset values in property 
companies in seven out of the eight chosen Asian markets, except in Philippines. So, it can 
be seen that in Asia-Pacific region, property shares in the long run are linked to the value 
of the underlying assets, that is property shares are closely related to the direct property 
market. 
 
5.2.3    Panel Cointegration Estimation Results from Dynamic ECM  
            Panel Data Model 
 
In this section, the variables P and NAV will be estimated using panel cointegration 
estimation procedures. Based on Granger Representation Theorem proposed in Engel and 
Granger (1987), the variables which are cointegrated must follow an error correction 
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modeling of the adjustments to the long-run equilibrium, the estimation of a dynamic 
model can provide more information and possibly improved estimation efficiency12 .  
 
In this study, a dynamic panel data model in error correction form is specified as below 


















−− ∑∑     (5.2)  
for t ;,..,2,1 T=     i N,..,2,1=  
where iµ  is the fixed effect; the coefficient iβ  represents the long-run relationship 
between P and NAV, and iψ  denotes the adjustment speed to the long run equilibrium; 
)( ′= , 21 δδδ  as the vector of the short-run coefficients. QS 3~2~1 qsqsqs= , which 
means that three quarterly seasonal dummies are included in equation 5.2 to eliminate the 
seasonal correlations in the quarterly data.  
 
The lag lengths p and are selected separately for each firm starting from a maximum of 
three using the Schwarz Bayesian Criterion (SBC). The choice of maximum lag order 
satisfies the condition that the number of all parameters is less than (minimum of T(i) - 
maxlag), that is, 
q
                (maxlag+1)k + maxlag + number of Z < minimum of T(i) - maxlag              (5.3) 
 
__________________________ 
12   When the data are integrated of order one in the time series dimension, we can obtain consistent 
(although possibly highly biased) but inefficient estimates of the long-run parameters from static regressions 
(Banerjee et al, 1993).  
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where k is the dimension of long-run coefficients, Z represents the deterministic or fixed 
regressors, and T(i) is the time periods of each member i. In this study, the maximum lag 
order of 3 is chosen based on equation 5.3.  
 
It proceeds by stacking the unrestricted model in equation 5.2 over individual firms. It is 
assumed that the disturbances are independently distributed across time and sections, have 
zero means, positively firm-specific variances, and are distributed independently of the 
regressors. Independence across time can be achieved by a suitable choice of distributed 
lag lengths, while inter-dependence across sections can be achieved by expressing all 
variables as deviations from their respective cross-sectional means, a demean procedure 
similar to including common time dummies in the regressions. So, in this study, the cross-
section demeaned data are used to deal with the common factor problem in all the next 
estimations.  
 
Two alternative estimators, i.e. the mean group (MG) and the pooled mean group (PMG) 
estimators, are used for the dynamic ECM panel data regression in terms of equation 5.2 
for each of 8 Asian markets during the period 1995-2003. The results of these two 
estimators are reported in Table 5.4.  
 
 The MG estimator imposes no restriction of homogeneity on Equation 5.2 and is 
calculated as the simple mean (across individual firms) estimates of the long-run, the 
short-run and the adjustment coefficients.  
 
 
Chapter 5 Empirical Results                                                                                                                         86                            
In particular, the restrictions of a long-run parameter homogeneity, which implies that the 
long-run coefficients of net asset values are the same across the firms in each country, can 


















−− ∑∑     (5.4)  
for t ;,..,2,1 T=     i N,..,2,1=  
where ββ =i  for all i  
 
The PMG estimates are derived under the null of homogeneity restrictions on the long-run 
parameters, but permits short-run dynamics, fixed effects and error variances to be 
heterogeneous over each panel and average across firms to obtain means of the estimated 
error-correction coefficients and the other short-run parameters.  
 
In Table 5.4, the results of the unrestricted MG estimators of the long-run coefficient iβ , 
and the adjustment value iψ  as well as the short-run coefficient are reported in the first 
eight rows, while the results of the restricted PMG estimators are presented in the 
following rows. The comparison between the MG and PMG estimators, which is used for 
the restriction test of homogeneity, is based on the Hausman test as well as the likelihood 
ratio test that are reported at the bottom of the table.  
 
For the long run coefficients, The MG estimators are tested to be significantly positive in a 
range of 0.258 to 1.152 in seven property markets, namely, Hong Kong, Indonesia, Japan, 
Malaysia, Philippines, Singapore and Thailand. However, in Australia, the long-run 
 
                                                                                                
 
Table 5.4   The Alternative Estimates of Dynamic ECM Panel Data Model 
[2,3,4,5]for Individual Property Markets  
 
Estimators          Parameters AUS HK IND JP MAL PHI SIN THAI









































 0.012    
(0.768) 
0.000 0.043*       
(3.560) 
 0.069*      
(2.889) 
 -0.018    
(-0.813) 










0.000 0.013***   -0.031***  
(-1.734) (1.673) 









 0.169*    
(2.509) 




  0.256    
(1.442) 
0.358**   
(2.453) 




 0.000 0.005 
(1.000) 
0.000  0.028        
(1.558) 
 0.010       
(0.322) 
 -0.131    
(-2.176) 






 0.000  0.000 0.000  -0.017**  
(-2.175) 
 0.024       
(1.423) 
 -0.109    
(-1.754) 
 0.000  0.033 
(1.000) 




























-0.407*      
(-9.282) 




 -0.449*   
(-7.690) 
Short-run coefficients:




 0.018**   
(2.329) 
0.000  0.042*     
(3.537) 
 0.073*     
(2.886) 
 -0.015    
(-0.709)  












  -0.029***  
(-1.740) 
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   dNAV
 
 0.132**    
(2.215) 
 0.231*    
(2.518) 




 0.265***  
(1.646) 
 0.374**   
(2.366) 




 0.000 0.005 
(1.000) 




-0.110**   
(-2.289) 












 0.000  0.039 
(1.000) 
































        N  ]1[ 14 36 7 108 36 20 16 11 
   
   
Note:  
[1]:  “N” indicates the number of property companies included in the estimations for each market. T = 36.  
[2]:  The figures in brackets of the PMG and MG estimators are t statistics.  
[3]:  The mean group estimates are used as initial values. And Newton-Raphson algorithm, which makes useof  both the first and second derivatives,  is used to   
        compute the PMG estimators.  
[4]:  The estimations are conducted on the logarithm of the variables, P and NAV.  
[5]:  The t statistics of long-run and short-run coefficients follow standard normal distribution, so the critical values for 10%, 5%, and 1% are  –1.285, -1.645 and  
        –2.328, respectively. However, the asymptotic distribution of t  test on ECM coefficient would be non-standard normal when testing for zero.  So the  
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coefficient is 0.404 with a t -ratio of 1.251, which can’t reject the critical values even at 
the 10% level. Next, by adding the restriction of homogeneity, the PMG estimates of the 
long-run NAV coefficients are highly significant at the 1% level in all property markets 
including Australia. Nevertheless, when investigating the results of homogeneity 
restriction tests, the Hausman test statistics reject the homogeneity restriction of the PMG 
estimates against the MG estimates in Australia and Philippines, with a probability value 
indistinguishable from zero. So, in these two markets, the PMG estimates of the long-run 
coefficient are biased and inefficient. But, in each of the other countries, the Hausman 
tests verify the hypothesis that the long-run NAV coefficients converge to a common 
cointegrating vector for a whole market. On the other hand, just as indicated in Pesaran, 
Shin and Smith (1999) that the Likelihood ratio tests usually reject equality of long run or 
short-run coefficients and/or error variances at conventional significance levels in the case 
of cross-section studies, our results support this point again with the rejection of 
homogeneity of long run coefficients in all countries except Thailand and Indonesia. 
 
Below the long-run estimates, the results for error correction terms are presented, which 
are the lagged residual from the cointegrating regressions. The nonstandard normal t 
statistics are transformed to be standard normal to test the significance of the parameters 
by subtracting the zero mean value and then dividing the standard error. The results show 
that the coefficients are highly significant negative in all countries without exception for 
both MG estimates and PMG estimates, with a similar range from around –0.30 to –0.66. 
Each quarter, the market corrects the previous quarter’s valuation gap from 30% to 66% 
for different countries. As to the reversion to the long-run equilibrium, for both estimates, 
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the strongest is in Indonesia, whereas the weakest is in Philippines. However, because the 
homogeneity of the long-run coefficient is rejected in Australia and Philippines, the PMG 
estimates of the error correction coefficient are biased and inefficient for these two 
markets.  
 
Next, the short-run impacts of NAV on property share prices are reported. For both the 
MG and PMG estimates, the changes of NAV and/or the lagged NAV influence the short-
run behavior of property share prices in Australia, Hong Kong, Japan, and Singapore. In 
Malaysia and Philippines, the PMG estimates show that the contemporaneous changes in 
net asset values are significant at the 10% level. For the PMG estimates, in these six 
markets, the average short-run elasticity of NAV ranges from 0.097 in Malaysia to 0.374 
in Singapore, which means that a 10% rise in the change of NAV causes a rise in the 
return13  of share prices of property companies for a different degree from 0.97% to 3.74%. 
However, the change of NAV has no significant impact in Thailand. Furthermore, there is 
a momentum effect found in Australia, Hong Kong, Japan, Malaysia and Singapore by 
one or both of the estimates; such as, for the PMG estimates, a 10% rise in property stock 
in one quarter causes a 0.18%-0.73% rise in the following quarter in those above markets. 
Specially, in Indonesia, all the short-run coefficients are tested to be equal to zero, thus, 
there is a partial adjustment mechanism there.  
 
The firm-specific estimates and the diagnostic test statistics, which are tested by 
regressing equation 5.2 for individual company by OLS are also reported in Appendix 3. 
______________________ 
13   In this study, the logged variables are used. 
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For a long-run relationship to exist in firm i , the i  firm’s error correction coefficient, th iψ ,  
is required to be significantly less than 0. Pesaran, Shin and Smith (2001) develop sets of 
critical values for testing the null of no long-run relationship 0=iψ  against the 
alternative of a long-run relationship 01 <≤− iψ for either I(0) or I(1) regressors. By this 
approach, it can be seen that although the coefficient of error correction term is correctly 
signed for all companies, it is statistically significant at 10% or better in around 25% to 
50% of the sample companies in each market. However, the validity of the results is 
limited because of the low power of individual cointegration tests especially in such  small 
samples (36 time-series observations). That is why the full sample needs to be pooled to 
greatly improve the power just as we show before. Four diagnostic test statistics, , 
 and , show little evidence of equation misspecification in several cases in each 







In conclusion, by pooling the sample companies in each market, both the PMG and MG 
estimates provide significant evidence of the cointegration relationship between share 
prices and net asset values in most tested countries, namely, Hong Kong, Indonesia, Japan, 
Malaysia, Singapore and Thailand. And the PMG estimates also verify that there is a 
unique long-run relationship common to all property companies in each of the above 6 
countries. However, in Australia, we could not obtain strong evidence of a long-run 
relationship from the both estimates, while in Philippines, the PMG estimates are biased  
______________________________ 
14  Please refer to the notes in Appendix 3. 
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and inefficient, because the homogeneity hypothesis is not satisfied. The change of NAV 
is tested to have significant impact on the short-run behavior of property share prices.  
 
5.3   Empirical Results from the overall property markets 
 
In this section, all the sample property companies in those eight markets are pooled by 
applying the three panel methods to provide further evidence for the overall markets. In 
order to interpret the estimation coefficients as homogeneous when applying ECM panel 
data model, P and NAV are used in a common currency (U.S. dollar) in this section.  
 
In Table 5.5, the results of panel unit root tests are reported. Both Levin-Lin ADF t 
statistic and IPS ADF t-bar statistic can’t reject the null of unit root on the level of P and 
NAV, but reject the null significantly on the difference of P and NAV. Thus, both P and 
NAV follow a unit root process. Just like the tests for individual markets, a maximum lag 
of six is considered for a step down procedure to choose the lag length of ADF regression 
for separate companies.  
 
Table 5.5   Results of Panel Unit Root Tests for the Overall Property Markets  ]4,3,1[
Country N  ]2[ Levin-Lin ADF t  Statistic IPS ADF -bar Statistic t
  P NAV ∆P ∆NAV P  NAV ∆P ∆NAV
          
Overall 248 3.00 1.85 -38.03* -43.73* 1.80 -1.26 -46.04* -51.91* 
Note:  
[1]:   The null hypothesis is there is unit root existing in the panel data. 
[2]:   “N” indicates the number of listed property companies pooled for this test.  
[3]:   Levin-Lin ADF t statistic here is the adjusted t statistic which follows standard normal distribution. IPS   
         ADF t-bar statistic here is the standardized group mean t-bar statistic which follows standard normal   
         distribution. 
[4]:   * represents the significance of 1% level, while a denotes the significance at 5% level.  And the  
         critical values for the 10%, 5% and 1% level are –1.285, -1.645, and –2.328,  respectively. 
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Next, by regressing equation 5.1, panel cointegration tests are applied to test the existence 
of long-run relationship between P and NAV for the overall markets, and the results are 
presented in Table 5.6. The maximum starting truncation for conventional step-down 
procedure to select ADF lags for individuals is also chosen to be 6 which doubles the 
kernel lag set by Newey and West (1994)’s data dependent scheme.  
Table 5.6   Pedroni Panel Cointegration Test Statistics for the Overall  
 
Property Markets [  ]5,4,3,1
 
Country  N [   ]2 Panel Statistics Group Statistics 
  V rho PP ADF rho PP ADF 
         
Overall 248 3.52* -5.10* -10.09* -10.74* -0.24 -9.28* -13.20* 
Note: 
[1]: The null hypothesis is that there is no cointegration between P and NAV.  
[2]: “N” indicates the number of listed property companies pooled for this test. 
[3]: V, non-parametric variance ratio statistic; rho, non-parametric test statistic analogous to the Phillips and  
Perron (PP) rho statistic; PP, non-parametric statistic analogous to the PP t statistic; ADF, parametric  
Statistic analogous to the ADF t statistic.   
[4]: Rejection of the null is one-sided standard normal distribution and involves: for variance ratio, larger  
positive values imply cointegarion; for other six, large negative values suggest cointegration.  
[5]: *, **, and *** represent the rejection of null hypothesis at the 1%, 5%, and 10% significance level. For    
the panel variance ratio, the critical values for the 10%, 5% and 1% level are 1.285, 1.645 and 2.328;  
For the other six statistics, the critical values are –1.285, -1.645 and –2.328 for the 10%, 5% and 1%  
significance level separately.    
 
From Table 5.6, the panel variance ratio with a value of 3.52 rejects the null of the no 
cointegration significantly. For the other six statistics, except group rho statistic, panel rho, 
panel PP, panel ADF, group PP, and group ADF statistics reject the null at the 1% 
significance level. The results support again the strong relationship between property 
share prices and net asset values in the long run from the perspective of an overall Asian-
Pacific region.  
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Finally, Table 5.7 reports the alternative estimates of the long-run coefficients, short-run 
coefficients and the error correction term by applying dynamic ECM panel data model 
specified as equation 5.2. The maximum lag order for the choice of lag lengths p and q in 
equation 5.2 is also set to 3 based on equation 5.3.  
  
Table 5.7   The Alternative Estimates of Dynamic ECM Panel Data Model 
                for the overall Property Markets [  ]5,4,3,2
 
Country  N  ]1[ Parameters MG PMG 
     
Overall 248 Long-run coefficient iβ  1.222* 
(5.638) 
  1.205* 
 (50.479) 
  Error Correction iψ  -0.385* 
(-31.209) 
        -0.241* 
      (-28.493) 
  Short-run coefficients: 
      dUP (-1) 
 








0.111*     
(10.533) 
 -0.015*   
(-3.351) 
   1.230*    
(18.686) 
0.051* 
     (3.395) 




          0.089 *    
        (10.152) 
    -0.015* 
   (-3.413) 
          1.437*    
        (18.800) 
    0.043* 
   (3.534) 
   -0.078* 
  (-4.875) 
 
  Hausman Test [ p value] 0.01 [0.94] 
  LR Test [ p value] 933.2096 [0.000] 
Note:  
[1]:  “N” indicates the number of property companies included in the estimation. T = 36.  
[2]:  The figures in brackets of the PMG and MG estimators are t statistics.  
[3]:  The mean group estimates are used as initial values. And Newton-Raphson algorithm, which makes   
         use of  both the first and second derivatives,  is used to compute the PMG estimators.  
[4]:  The estimations are conducted on the logarithm of the variables, P and NAV.  
[5]:  The t statistics of long-run and short-run coefficients follow standard normal distribution, so the critical 
        values for 10%, 5%, and 1% are  –1.285, -1.645 and –2.328, respectively. However, the asymptotic 
       distribution of t  test on ECM coefficient would be non-standard normal when testing for zero.  So the  
        t statistics for ECM coefficients are further transformed to have standard normal distribution in this 
        study.  
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From Table 5.7, the long-run coefficient is tested to be highly significant by both PMG 
and MG estimates with a similar value of around 1.2. Furthermore, the coefficient of error 
correction term is tested to be significantly negative at the 1% level with a value of –0.385 
and –0.241 for MG and PMG estimates respectively, which strongly supports the 
cointegration relationship between P and NAV. Next, the change of NAV and the change 
of the lagged NAV are tested to have significant impacts on the return of share prices. A 
momentum effect is also found in the overall eight property markets with an average rise 
of around 0.1% in the following quarter for a 1% rise in the market in one quarter. Finally, 
the Hausman test for homogeneity restriction verifies the PMG assumption, that is, a 
common cointegrating vector exists between P and NAV for all the property companies in 
those eight markets.  
 
Summarizing the above results, in Asian-Pacific region, property share prices and net 
asset values are examined to be closely related in the long run, and individual firm 
estimates converge to a common long run relationship between them by the PMG 
estimates.  
 
5.4    Implication of the Findings 
 
From the empirical evidence from both individual property market and the overall eight 
markets, it is disclosed that property share prices and net asset values are investigated to 
have a significant long-run relationship between them. In this study, NAV, as a traditional 
proxy to fundamental values, is presented to be significant in capturing the dynamics of 
the changes of property stock prices. 
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That the long-run convergence relationship between property stock prices and their 
fundamental values imply that the changes in property stock price time series will be 
transmitted to the variation in time series of the fundamental values in the long run, which 
also indicates some forms of mean reversion process of stock prices towards their 
fundamental values in property companies. Therefore, the NAV based valuation 
hypothesis is approved empirically, which asserts that the property company portfolios, as 
asset-backed equities, are typically measured on their underlying assets, say, NAVs, and 
will definitely reflect the performance of their underlying assets in the long run. Hence, 
our evidence reveals that NAV is a significant factor in property company valuation in 
Asian-Pacific region.  
 
As one result of the long-run relationship between property company stock prices and 
their net asset values, direct and indirect investments in property are substitutes for each 
other. For the investment analysts and institutional investors, more attentions should be 
paid to the underlying performance of the property stocks in terms of net asset values in 
their stock selection mechanism and portfolio management, because the rise and fall of the 
net asset values of listed property companies will affect the returns of their stock prices 
radically. Some profitable trading strategies might also be formulated to take advantage of 
the short term deviations in prices from NAVs and the long term convergence between 
them, such as, buying property stocks which are at NAV discount currently and then 
holding until the stock prices rise up to the value of NAVs or even above.  
 
5.5    Summary 
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This chapter aims to test the long-run relationship and the dynamic short-run relationship 
between share prices and net asset values by pooling the property companies both in 
separate market and in overall eight markets. Panel unit root tests, panel cointegration tests 
and dynamic ECM panel data model are applied for this purpose.  
 
For the examination in individual market, firstly, the joint evidence from the Levin-Lin-
Chu (2002) and the IPS (1997) panel unit root tests strongly support the nonstationary 
properties of the series P and NAV.  Next, the Pedroni panel cointegration test is applied 
to test the existence of the long-run relationship between the two variables and strong 
supports are found in all countries except Philippines. Finally, the dynamic ECM panel 
data model is estimated to further examine the long-run and short-run relationships 
between P and NAV. The PMG estimator proposed in Pesaran et al (1999) is used to 
estimate the long-run and short-run parameters, and error correction coefficient, as a 
intermediate tool between mean group estimator and fixed effect estimator. The MG 
estimator is also provided for more evidence. The empirical results show that the share 
prices and net asset values are related mutually in the long run and short run, and a 
common long-run relationship is proved to exist in 6 countries. Unfortunately, no strong 
evidence is found in Australia and Philippines. In Philippines, the findings about 
cointegration between P and NAV are also consistent with those tested by Pedroin’s 
cointegration test. Further, by pooling all the sample property companies in overall eight 
markets, strong evidence of the long-run relationship and short-run dynamics between P 
and NAV has been found.  
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As a conclusion, in Asian-Pacific region, there is a significant long-run relationship 
between property share prices and net asset values, and NAV has an important impact on 
the return of property share prices. 
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Chapter 6 
CONCLUSIONS & RECOMMENDATIONS 
 
6.1     Summary of Main Findings 
 
By exploiting the recent technique of panel approaches, this thesis attempts to investigate 
the long-run cointegration relationship and short-run dynamics between share prices and 
net asset values of listed property companies in a panel context. Three panel methods, 
panel unit root tests, panel cointegration test, and dynamic ECM panel data model, are 
applied to eight Asian securitized real estate markets, namely, Australia, Hong Kong, 
Indonesia, Japan, Malaysia, Philippines, Singapore and Thailand, over a sample 9-year 
period from 1995 Q1 to 2003 Q4.  
 
The thesis begins with a review of common stock market valuation and the regular proxies 
for fundamentals. Next, the NAV based valuation for property companies is reviewed 
specifically, followed by the empirical evidence on the long-run relationship between 
stock prices and fundamental values both from common stock market and property stock 
market. Further, the review of nonstationary panel approaches and the estimators for 
dynamic panel data model are provided. From the literature review, we find that there 
exist some issues which have not been addressed sufficiently: 
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1:  In the literature of the relationship between stock prices and fundamental values, very 
few studies set foot in the securitized real estate markets. Further, the NAV based 
valuation hypothesis is verified little in current literature.  
 
2:  Though the cointegration approach has been applied as a common methodology in this 
area, seldom studies extend this test into a panel context so as to examine this issue with 
much more power.  
 
To fill in the gaps, this thesis extends the cointegration test to the panel context by pooling 
the listed property companies in eight property markets.  
 
Following the literature review, some detailed descriptions and analyses about stock prices, 
NAV, and the NAV discount are presented in Chapter three. From the market performance 
of listed property companies in each market, we find consistent evidence about the 
positive relationship between market values and net tangible assets. By examining the 
behavior of share prices and NAV in each market, direct evidence about the positive 
relationship between share prices and NAV is provided. The property stock returns in 
these markets are detected intuitively to follow a mean reverting trend. Finally, the listed 
property companies in the eight markets are mostly found to trade at the premium of NAV 
for the period of 1995 to 2003, except in Hong Kong. A changing trend of NAV premiums 
to NAV discounts is revealed in recent years.  
 
The research methods introduced in Chapter four is then applied to a balanced panel with 
36 observations for each member both in separate property market and in overall eight 
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markets from 1995 Q1 to 2003 Q4 in Chapter five. In general, the empirical results have 
consistently suggested a close relationship between stock prices and net asset values in the 
long run and short run. They reveal the evidence of a convergence behavior of property 
companies’ share prices toward their underlying asset values. Specifically, the major 
findings include: 
 
For separate property market: 
 
1:   The significant results from individual unit root test and panel unit root tests strongly 
suggest that the share prices (P) and net asset values (NAV) in each of 8 markets are 
generated by a nonstationary stochastic process, which are the good prerequisites for the 
proceeding of panel cointegration tests between P and NAV.  
 
The conventional ADF unit root test shows the series P and NAV of most sample property 
companies are integrated variables, or , though a few should be considered as I(2) due 
to the possibility of small sample distortion. 
)1(I
 
Considering the low power of individual unit root test, by pooling the property companies 
in each market, the join evidence of the Levin-Lin-Chu ADF test statistic and IPS t bar−  
test statistic indicate the nonstationary properties of P and NAV for each panel as a whole 
with much more power.  
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2:  Except in Philippines, a cointegrating relationship is found to exist between P and 
NAV in all other seven Asian countries.  
 
From the results of Pedroni (1995) panel cointegration test, most of the seven test statistics 
constructed in Pedroni (1997a) reject the null of no cointegration between P and NAV 
significantly in all selected Asian countries except Philippines. Common time effects are 
captured to ensure the cross-section independence when regressing. So, by selectively 
pooling the long run information contained in the cross sectional dimension whilst 
permitting the heterogeneous fixed effects, short-run dynamics, and error variances, there 
is strong support for the hypothesis that there is a cointegration relationship between share 
prices and net asset values in property companies in seven out of the eight chosen Asian 
countries, except in Philippines. 
 
3:  Individual firm estimates converge to a common one-for-one cointegrating vector or 
long-run relationship between property stock prices and net asset values over a 9-year 
period.  
 
The change of logged share prices (or return of share prices) is modeled as a dynamic 
unrestricted error correction form as Equation 4.2 for each member of the sample property 
companies as a whole panel. The pooled mean group estimator, as an intermediate of the 
mean group estimator and the fixed effect estimator, is constructed by pooling individual 
ECM time series estimation together whilst imposing some long-run homogeneity 
restrictions such as a common NAV coefficient across firms in this study. Accompanied 
by the MG estimates, the PMG estimates tabulated in Table 4.5 show that a significantly 
 
Chapter 6 Conclusions & Recommendations                                                                                            103                            
 
positive long-run coefficient is tested to be common across firms in each of eight property 
markets. However, the Hausman test rejects the equality between the MG and PMG 
estimates in Australia and Philippines, thus to demolish the homogeneity hypothesis 
restricted in these two markets. It also demonstrates that the PMG estimation in Australia 
and Philippines are biased and inefficient. As expected, the error correction coefficient are 
estimated to significantly negative in a range of around –0.30 to –0.66 for separate 
countries, which further supports the cointegrating relation between property share prices 
and net asset values in that deviations from the long term contemporaneous relation will 
be corrected in subsequent periods with a moderate speed. The results also show that the 
change of NAV appears to have a significant positive impact on the short-term behavior of 
property share prices. The results from the dynamic ECM panel data model also give 
consistent evidence about the long-run relationship between property share prices and 
NAV associated with those from Pedroni’s panel cointegration test.  
 
For overall eight property markets:  
 
1:   The Levin-Lin-Chu ADF t statistic and IPS t-bar statistic show the evidence that P and 
NAV follow the unit root process as the prerequisite for panel cointegration tests. 
 
2:    Strong evidence of the existence of a long run relationship between P and NAV is 
further found by pooling all the property companies in overall eight markets by Pedroni’s 
panel cointegration tests. 
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3:   The long-run coefficient, short-run coefficients and the adjustment coefficient to 
equilibrium term are all tested to be significant by applying the dynamic ECM panel data 
model. A unique long run relationship common to all the sample property companies in 
those eight markets is also found by the PMG estimate.  
 
So, as a conclusion, in Asian-Pacific area, property shares appear fundamentally linked to 
the value of the underlying property assets (or NAV) and converge to the equilibrium 
relationship between them with a moderate speed of adjustment mechanism, though they 
fluctuate in the short term period. The contemporaneous and/or lagged changes in NAV 
are significant determinants of property share returns in most selected countries.  
 
The results in this study confirm the NAV based property stock valuation theory 
empirically. NAV, as one proxy to the fundamental value, can be relied as the principal 
basis for property company valuation. More attentions should also be paid on the 
underlying performance of net assets pertaining to property stocks. The results provide 
some meaningful insights to the institutional investors and portfolio managers for their 
better expectation of the variation trends of property stock prices, and for their optimal 
strategies in diversifying portfolios.  
 
6.2      Limitation of the Study  
 
NAV represents the underlying value of the real estate assets owned along with other 
assets, adjusted for liabilities and other claims on the company. In this study, the book 
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value of tangible assets is used as a proxy for the appraised NAV.  Though it would be 
concerned that this NAV metric might not be adequate for the true NAV, it is the only 
published data that could be used for time-series analysis. Hence the findings of the study 
have to be interpreted with this data limitation in mind.  
 
For the panel unit root and panel cointegration tests applied, the cross-sectional 
independence is assumed, whereas in many multi-country contexts, with dependence on 
common global shocks, the independence assumption can’t be satisfied completely, 
though some demean methodology is used to deduct the cross-sectional dependence by 
capturing the common time effects shared by individuals just as this study shows in 
Chapter 4.   
 
In addition, though some parameters such as the long-run and short-run coefficients are 
estimated in this study, the parameter stability tests are not employed to examine the 
stabilization of parameters over a relevant time period so as not to provide the robust tests 
to the results in this study.  
 
6.3    Recommendation of the Research 
 
This research can be extended further in the following directions, though these issues are 
not the focus of this thesis and do not affect the efficient estimation of the current tests.  
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Firstly, because cointegration is deemed as a long-term phenomenon, longer time series 
data could be utilized to cover more observations. The data series can also be separated 
into more sub-periods according to the important issues in business cycle. Secondly, the 
tests can be separated by categorizing the listed property companies into property 
investment companies and property development companies so as to analyze whether 
there is a different impact of NAV on the share prices of classified property companies. 
Finally, some robust tests such as the parameter stability tests indicated above can be 
supplemented to further examine the validity of the results.  
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 Appendix 1  Name List and Performance Indicators of Listed Property Companies in Eight Asian Markets 
                  Appendix 2  Individual ADF Unit Root Test on P and NAV 
 
    
Appendix 1   Appendix 2  
Code     Company Name MV NTA PE  P NAV ∆P ∆NAV 
AUS  AUS 
BTOX PRINCIPAL OFFICE FUND 812.21 862.4 15.211  -3.122 -2.301 -7.617 -6.248 
CEPX CENTRO PROPS.GROUP  650.96 645.49 14.311  -3.079 -2.779 -8.965 -6.442 
GANX CFS GANDEL RETAIL  1194.9 1239.5 14.113  -1.390 -0.623 -5.985 -2.552 
GPTS GENERAL PR.TST.  3580.1 3898.3 13.711  -2.389 -1.395 -7.879 -5.658 
LEND LEND LEASE CORPORATION  6614.2 3356.5 22.967  -0.814 -0.953 -5.487 -5.690 
MILT MILTON CORPORATION  379.2 373.84 24.2  -2.786 -2.215 -8.392 -6.258 
NPTX AMP INDUSTRIAL TRUST  279.74 277.69 45.012  -1.546 -2.957 -6.859 -4.004 
PIIX MACQUARIE OFFICE TRUST 510.65 501.23 18.675  -2.155 -1.813 -5.385 -6.269 
SCHR AMP DIVR.PROPERTY TRUST 948.03 937.2 14.767  -1.142 -0.019 -6.728 -3.267 
STCK STOCKLAND      1952.6 1524.7 14.078 -1.159 -0.297 -8.619 -1.318
WEBS WEBSTER      18.546 31.263 15.85 -1.091 -0.527 -4.512 -5.844
WELD WESTFIELD HOLDINGS 4686.4 734.85 36.656  -2.425 -0.398 -5.826 -6.390 
WPTX INVESTA PROPERTY GROUP  731.22 707.73 16.971  -1.555 -0.551 -7.300 -5.708 
WTFD WESTFIELD TRUST 4330.2 4619.6 13.278  -2.060 -1.840 -8.133 -1.295 
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 HK  HK 
AMOY HANG LUNG PROPERTIES  20186 27665 12.667  -2.292 -1.070 -7.216 -3.270 
ASIA DAN FORM HOLDINGS  932.28 2258.1 38.38  -1.475 -1.512 -5.922 -5.834 
ASTD ASIA STANDARD   1747.1 4807.5 68.4  -0.703 -0.618 -4.615 -1.947 
CHGK CHEUNG KONG HDG. 147030 122350 17.578  -2.672 -1.598 -6.918 -6.521 
CHIB CHINA MOTOR BUS  2749.3 3121.5 16.089  -1.826 -2.179 -5.643 -5.761 
CHNE CHINESE ESTATES HDG. 5782.1 17100 23.983  0.294 -0.436 -6.297 -6.082 
CHUK CHEUK NANG (HOLDINGS)  278.85 1026 9.8  -1.458 -1.633 -5.619 -6.600 
CPRO COSMOPOLITAN INTL.HDG. 231.77 259.37 9.6429  -1.598 -2.062 -5.287 -6.410 
EMPR EMPEROR INTL.  484.38 2995.1 3.8  -1.438 -0.193 -5.701 -6.342 
GOFA GOLD - FACE HOLDINGS  777.31 808.19 12.98  -1.237 -1.449 -6.043 -5.666 
HENI HENDERSON INV.   16994 19306 11  -1.557 -2.082 -8.716 -5.659 
HKRA NEW ASIA REALTY 5402.5 6138 9.25  -0.881 -1.637 -4.918 -6.738 
HKRI HKR INTL.  12678 20322 9.2444  -1.182 -2.398 -6.375 -5.724 
HLDV HANG LUNG GROUP  1019.7 1575.8 5.9714  -1.490 -0.916 -6.968 -2.756 
HONK HON KWOK LAND INV. 10133 17549 17.329  -1.274 -0.046 -5.782 -6.272 
HOPE HOPEWELL HDG. 888.13 1736.9 13.54  -1.299 -0.636 -4.773 -2.425 
HUEY PREMIUM LAND  874.48 2060.5 6.875  -0.555 -0.584 -5.418 -5.947 
KSHI KWONG SANG HONG INTL. 778.04 1562.1 8.46  -0.951 -0.453 -5.329 -6.051 
LEHD LEE HING DEV.   891.25 1594.6 13.789  -1.203 -0.294 -3.653 -5.926 
MELE MELBOURNE ENTS.  36818 54455 31.867  -1.317 -0.634 -5.101 -6.342 
NWDV NEW WORLD DEV. 1027 3029.1 26.775  -0.727 -0.483 -6.840 -5.823 
ORIE ASIA ORIENT  833.82 1206.3 20.275  -1.533 -0.243 -5.715 -6.145 
OXFP OXFORD PROPS.  307.58 1233.1 26.078  -2.265 -0.706 -5.901 -6.320 
POKF POKFULAM DEV. 469.72 2149.2 17.343  -1.255 -0.836 -5.798 -5.806 
SEAH SEA HOLDINGS 1575.9 3861.7 7.7667  -1.072 -0.955 -4.106 -5.767 
Appendix                                                                                                                                                                                                                                             117                             
 SHKP SUN HUNG KAI PROPS. 146930 117360 15.222  -3.149 -2.479 -6.570 -5.896 
SILG SILVER GRANT INTL.INDL. 737.01 1662.7 34.2  -1.633 -2.030 -5.908 -5.695 
SUNG VISION CENTURY CORP. 942.62 1402.5 85.9  -1.607 -1.127 -5.806 -5.998 
TAKW U - CYBERTECHNOLOGY  198.6 250.9 6.45  -1.767 -0.988 -7.626 -6.013 
TCPC TAI CHEUNG HDG. 1979.5 4642.8 7.9857  -1.512 -1.116 -4.736 -6.178 
TERP TERN PROPERTIES  431.97 866.63 22.211  -2.066 -1.694 -6.020 -5.973 
TIAN TIAN AN CHINA INVS. 1013.2 3049.9 11.175  -1.600 -0.957 -6.938 -6.095 
TOMP TOMSON GROUP LTD. 1073.1 3351.5 30.36  -2.436 -1.341 -7.471 -5.758 
TSLD TAI SANG LAND DEV.  709.85 2081.2 11.9  -1.528 -0.935 -7.377 -4.285 
WHAR WAH HA REALTY 137.36 461.73 4.9625  -1.375 -2.471 -4.481 -6.217 
WINF WINFAIR INVESTMENT  127.6 221.93 8.0333  -0.816 -0.683 -5.759 -7.126 
IND  IND 
DJA PUDJIADI PRESTIGE 104020 173870 9.76  -1.534 -1.881 -6.487 -5.658 
ERT DUTA PERTIWI REALTY  544380 1102800 5.9143  -1.922 -1.168 -5.302 -6.544 
GSK SEMEN GRESIK (PERSERO) 3957700 2872900 20.711  -3.123 -1.418 -7.150 -6.557 
INA HM SAMPOERNA 1.1E+07 3009900 16.813  -1.519 -0.826 -5.898 -6.558 
INC INDOCEMENT TP  6758000 2024400 12.9  -1.393 -1.692 -6.733 -5.659 
RAM ASURANSI RAMAYANA  40554 44499 6.2875  -1.540 -1.640 -5.667 -5.754 
SUM SUMMARECON AGUNG 185610 243720 5.8125  -2.414 -1.086 -5.610 -5.679 
JP  JP 
ACHI AICHI    19032 84.52524181  0.266-1.755 -6.218 -6.328
AF NITTETSU MINING  41241 63610 62.188  -1.288 -0.743 -5.104 -5.780 
AOKI AOKI INTERNATIONAL 57547 77946 53.811  -1.493 -0.780 -5.982 -7.176 
ASAS A & A MATERIAL 11673 4276.2 663.55  -1.490 -1.465 -4.929 -5.700 
ASGK ASAGAMI    3701 826.524448.9  -1.249-2.211 -5.851 -6.194
AUFO AUTOMOBILE FOUNDRY 5374 8415.9 217.07  -1.502 -0.690 -4.868 -1.877 
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 AY TAIHEI KOGYO 21301 24734 32.15  -1.704 -0.333 -4.669 -5.838 
BG WAKACHIKU CON. 41056 39818 46.85  -1.830 0.061 -5.433 -6.116 
BL PENTA - OCEAN CONSTRUCTION  119830 63311 43.117  -1.310 -1.000 -4.318 -5.862 
CARL GRO - BELS 15524 14815 46.55  -1.753 -1.522 -3.920 -6.000 
CHWM CHUO WOOLEN MILLS 5671.3 5287.5 51.013  -1.046 -0.950 -5.235 -5.801 
CN CANON   2791800 1246900 42.333  -1.764 -0.996 -3.276 -3.276 
DAWB DAIWABO  34653 30919 119.9  -1.590 -1.438 -5.736 -5.757 
DCHC DAIICHI CEMENT  6664.2 12875 29  -1.914 -1.378 -4.320 -5.717 
DH DAIWA HOUSE INDUSTRY 553880 560990 38.657  -1.571 -0.685 -4.480 -6.059 
DITC DAITO TST.CONSTRUCTION 205260 173900 18.978  0.023 -0.703 -10.376 -1.509 
DJIT DAIICHI JITSUGYO  19220 15820 50.2  -1.619 -2.091 -5.543 -5.679 
DKKO DENKI KOGYO  49108 30232 36.425  -1.081 -2.178 -5.564 -5.918 
DL DAIDO STEEL  126920 131020 63.167  -1.826 -1.305 -4.970 -5.795 
DM DOWA MINING 114880 55758 447.99  -1.587 -1.735 -4.919 -1.679 
DTRI DAIKEN   63802 50324 30.15  -1.644 -0.499 -4.731 -5.986 
FJIY FUJIYA    36429 412.1322792  -1.148-1.167 -5.768 -6.934
FJKY FUJI KYUKO 50526 15695 346.29  -1.284 -0.806 -5.142 -5.951 
FJTR FUJITA KANKO  139770 33967 104.6  -0.504 -0.161 -7.513 -6.004 
FUSO FUSO LEXEL 11944 9281 7.62  -3.121 -1.337 -3.470 -3.137 
GD FURUKAWA       67842 83.657101  -1.320 -0.250 -4.372 -6.097
HAKO HAKONE TOZAN RAILWAY 14378 3637.4 437.7  -2.228 -0.552 -5.079 -5.861 
HIEI NICE  31980 52134 40.65  -2.357 -1.295 -3.119 -5.659 
HNKU HANKYU  413840 192080 78.963  -0.717 -1.295 -5.430 -5.736 
HSNE HANSHIN ELECTRIC RY. 122590 88901 51.586  -1.643 -1.289 -5.459 -5.714 
HW TOA  69150 46515 62.5  -1.906 -3.240 -5.690 -2.972 
ICHI ICHIKEN  15116 11296 33.55  -2.030 -0.292 -5.022 -6.155 
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 ISHC ECO - TECH CONSTRUCTION 11638 12762 62.7  -1.737 -1.282 -6.296 -6.191 
IZUM IZUMI    83058 42.88974369  -0.279-1.493 -5.551 -6.106
JN TOKYU DEPARTMENT STORE 74288 56744 57.5  -1.409 -1.669 -5.370 -5.743 
JP TOKIMEC  21943 21530 86.6  -1.442 -0.973 -5.804 -5.823 
JPPP JAPAN PULP & PAPER 63387 57575 33.933  -1.683 -1.427 -5.652 -6.382 
JR TOKYU  531210 186950 83.711  -2.094 -1.279 -4.320 -5.852 
JSTW JAPAN STEEL TOWER  9820 16768 10.375  -1.642 -2.812 -5.593 -6.046 
JT AEON   804800 357770 67.713  -3.063-2.055 -5.238 -6.471
JZ MITSUBISHI LOGISTICS 201400 117840 41.222  -1.542 -1.686 -4.261 -6.270 
KBRJ SXL     40767 69302 -1.62416.8  0.024 -5.559 -6.083
KEYO KEIYO  44763 42736 41.063  -1.774 -2.789 -5.214 -1.555 
KICO KITANO CONSTRUCTION 29832 30287 47.025  -1.795 -0.826 -5.667 -5.800 
KINR KINTETSU      948050 183820 100.27 -0.561 -0.890 -5.244 -5.947
KMGI KAMIGUMI  164720 156920 21.456  -1.823 -1.079 -5.374 -2.137 
KMTC ASUNARO CONSTRUCTION  5970.9 5354 731.29  -1.889 -1.607 -4.373 -5.674 
KOME KOMERI  89128 33568 34  -1.513 -0.793 -5.003 -6.608 
KTEL KEIO ELECTRIC RAILWAY 339910 153120 70.167  -1.571 -1.330 -4.457 -6.197 
KTMR KATSUMURA CON. 8321 7710.3 29.533  -1.767 -0.409 -4.941 -6.063 
LE NISHI - NIPPON RAILROAD  130460 75105 57.344  -1.443 -1.004 -5.490 -5.785 
MF MORINAGA       70702 47.72547636 -1.695 -1.478 -4.408 -6.905
MITP MITSUBISHI PENCIL 29969 29029 69.589  -1.763 -1.240 -6.021 -6.606 
MO MITSUI OSK LINES 292020 136670 79  -1.873 -1.321 -5.589 -5.999 
MS MEITO SANGYO 33966 35409 32.5  -2.234 -1.263 -7.123 -6.022 
MSNO MUSASHINO KOGYO 5775 3237.2 223.43  -0.025 -1.272 -5.797 -5.741 
MT MITSUI  1201000 719700 105.82  -2.345 -1.261 -5.558 -5.749 
MTOW MUTOW  15883 19863 37.98  -1.569 -1.452 -6.049 -5.984 
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 MTSU MARUETSU  77155 95708 105.4  -1.226 -0.871 -5.128 -5.945 
NAKC NAKANO     11660 78.1516236  -1.907 -1.012 -5.988 -6.074
NCCO NITCHITSU  6024.9 3754.1 40.9  -1.254 -2.179 -5.036 -5.803 
NGYR NAGOYA RAILROAD 317800 139480 80.85  -1.115 -1.911 -5.519 -5.672 
NIHM NICHIMO  9996.2 20649 23.6  -1.883 -0.314 -6.522 -5.924 
NIMA NIHON MATAI 13530 17189 30.586  -0.609 0.197 -5.980 -6.255 
NINS FUJI NIHON SEITO 8907 8230 44.075  -1.196 -1.205 -4.137 -5.804 
NISE NIHON SEIMA 4379.1 1928.3 130.48  -1.168 -0.274 -6.184 -5.938 
NITT NITTOC CONSTRUCTION  21653 25128 17.6  -2.173 -0.526 -5.432 -5.855 
NTHS PANAHOME      176760 144550 29.571 -0.967 -1.090 -4.893 -6.104
NTKA NEW TACHIKAWA AIRCRAFT 14201 10125 42.033  -1.227 -1.758 -6.062 -7.318 
OB OBAYASHI  408890 309320 82.929  -1.690 -1.617 -5.449 -5.672 
OHKI OHKI     17317 19120 -1.66327.28  -0.290 -5.237 -6.107
OKAB OKABE    14354 27.87122662  -2.049-0.775 -5.485 -6.489
OS OKAMURA  65482 57402 108.64  -1.675 -0.862 -4.979 -6.006 
PR TODA  188050 179460 46.3  -1.171 -0.877 -4.961 -4.461 
RQ TEAC   29579 16.21717476 -0.818 -1.710 -5.761 -6.934
RT HIROSE ELECTRIC 342990 122150 44.367  -1.629 0.337 -5.695 -1.533 
RY TOBU RAILWAY 370370 105620 91.813  -1.563 -1.823 -4.574 -5.703 
RZ NICHIREI      134290 88369 100.13 -1.622 -4.606-1.730 -5.683
SE SEKISUI HOUSE 763500 734610 23  -2.199 -0.717 -5.639 -5.947 
SENK SENKO  41103 46899 25.362  -1.795 -0.901 -6.534 -5.842 
SGIR SAGAMI RAILWAY  145880 61811 57.7  -1.319 -1.899 -4.179 -5.706 
SLLT SAPPORO LION 11200 13061 52.45  -1.739 -0.324 -5.009 -5.952 
SOTE SOTETSU ROSEN 18139 14243 37.789  -1.730 -1.155 -7.580 -5.710 
SSST SANYO SPECIAL STEEL  42974 71922 29.1  -1.847 -0.815 -4.340 -5.915 
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 SUZD SUZUNUI INDUSTRY 3061.5 2260.1 21.1  -1.777 -1.345 -6.199 -5.733 
SZ SHIMIZU    448300 269910 116.14  -1.754-1.678 -5.056 -5.737
TEIS LOHMEYER      3819.3 3970.4 53.65 -1.144 -0.026 -3.631 -6.456
TG TOKYO BROADCASTING SYS. 366030 227040 50.933  -2.474 -0.908 -4.045 -5.983 
TKCO TAKARA  32225 20774 27.217  -2.830 -1.859 -4.658 -5.840 
TKIK TOKAI KANKO  13273 10269 47.75  -1.285 -0.828 -5.699 -6.089 
TKTH TOKYO THEATRES 16106 11531 30.038  -1.313 -1.155 -6.215 -6.097 
TNIS TOKYO NISSAN AUTO SALES 16172 14817 4.8706  -1.856 -1.652 -4.866 -2.937 
TNSM NISSIN SUGAR MNFG. 21309 27425 43.771  -1.777 -1.595 -6.855 -5.667 
TOFU TOFUKU FLOUR MILLS  1880 1963.8 190.32  -1.558 -1.471 -4.895 -1.827 
TOLE TOKAI LEASE 10724 20451 44.02  -1.130 -1.526 -5.705 -1.717 
TOME TOKYO DOME  154290 82891 195.48  -1.005 -1.173 -4.851 -5.711 
TPRE TAISEI U - LEC 23310 24622 21.233  -0.827 -0.738 -5.021 -6.138 
TSBK TSUBAKI NAKASHIMA 49284 45476 52.525  -2.989 -1.124 -5.327 -6.397 
TSUT TSUTSUMI JEWELR. 62924 52619 26.033  -2.219 1.537 -5.677 -5.543 
UEKI UEKI  10240 16970 29.686  -1.397 -1.427 -4.747 -5.714 
UJ SUMITOMO  898880 578610 58.175  -2.435 -1.397 -6.595 -5.735 
UNY UNY   285450 210780 40.983  -1.263-1.230 -6.105 -6.052
UX SATA CONSTRUCTION  11790 14239 25.933  -1.527 -0.675 -4.150 -5.865 
VF ODAKYU ELECTRIC RY. 388540 140810 87.111  -0.897 -1.288 -4.616 -5.694 
WAKD WAKODO     12659 21.74412445  -1.445-1.706 -5.724 -1.669
YC HAYASHIKANE SANGYO  14286 6094 17.135  -1.617 -2.969 -4.156 -4.659 
YTAN YAMATANE       26872 37.81418169 -1.416 -1.546 -3.970 -5.699
ZG ASANUMA  25078 35683 27.233  -1.851 -0.626 -5.387 -5.874 
MAL  MAL 
AMDB AMDB BERHAD 527.28 405.43 33.3  -1.235 -1.012 -3.702 -5.859 
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 ASAS ASAS DUNIA  327.64 293.69 16.017  -1.138 -2.149 -4.225 -2.925 
ASIA ASIA PACIFIC LAND 572.22 874.33 26.02  -1.388 0.035 -3.871 -5.976 
AYER 129.85 31.105 2.1  -2.119 -2.576 -5.636 -5.764 
AYHP AYER HITAM PLANTING  385.74 49.271  -1.012 -1.286 -5.079 -3.023 
BANA BANDAR RAYA DEV. 836.55 997.56 12.829 -3.125 0.018 -3.829 -5.800 
COUN COUNTRY HEIGHTS HDG. 827.58 536.36 22.233  -0.582 -4.547 -6.148 
DAIM DAIMAN DEVELOPMENT  420.93 954.15 23.711 -2.092 -1.880 -4.126 
DAMA DAMANSARA REALTY 523.3 307.22 61.867  -1.121 -0.865 -7.097 -6.146 
DIJAYA   276.66 475.28 28.6 -1.468 -0.298 -5.963 -6.043
ECON RB LAND HOLDINGS BHD  296.8 51.714  -2.122 -0.911 -4.811 -5.670 
EKAN EKRAN  941.06 964.31







16.3  -1.000 -2.377 -5.739 -5.713 
FIMA FIMA   117.37 111.75 19.129  -0.958-1.186 -5.839 -6.379
FLOP FACB RESORTS 646.65 823.21 19.6  -0.818 -1.773 -6.827 -5.726 
IGOB IGB 863.71    1246.4 31.95  -2.316-1.802 -6.182 -6.090
ISLP ISLAND & PENINSULAR  672.99 652.69 14.978  -1.648 -2.114 -5.186 -2.170 
JERM TANCO HOLDINGS 151.13 221.31 84.971  -1.092 -2.455 -6.249 -5.657 
KUND NEGARA PROPERTIES  366.79 284.15 31.286  -1.683 -2.916 -4.709 -7.202 
LGEN LAND & GENERAL 1130.2 516.09 14.575  -1.511 -0.923 -3.550 -5.962 
LIEN LIEN HOE  276.37 248.41 38.7  -1.321 -1.467 -6.481 -5.702 
LSHT IOI PROPERTIES  1088.2 891.31 13.089  -2.541 -0.542 -5.264 -1.847 
MCBH CRIMSON LAND  209.27 194.64 27.325  -1.077 0.472 -5.533 -6.182 
MENA MENANG    199.91 148.15 57.975  -1.503-1.563 -5.523 -5.709
PARA PARAMOUNT  152.44 234.02 18.344  -1.727 -0.563 -4.979 -5.735 
PELA PELANGI    652.06 663.35 15.383  -2.129-1.223 -6.286 -5.920
PETA PETALING TIN  145.48 136.99 9.2333  -0.700 -1.401 -4.253 -5.661 
PETG PETALING GARDEN  493.24 388.25 39.044  -0.359 -0.346 -6.750 -2.472 
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 PKIM PK RESOURCES BHD 363.57 412.43 21.129  -1.113 -1.955 -5.283 -2.509 
SELD SELANGOR DREDGING 301.63 310.77 45.157  -1.228 -1.247 -5.479 -5.710 
SELP SELANGOR PROPERTIES  697.92 915.51 18.125  -2.577 -0.905 -5.416 -6.940 
SENT SPK SENTOSA  109.94 71.035 4793.2  -1.733 -0.880 -4.335 -6.372 
SHAH KUMPULAN PERANSANG SELAN 1404.9 149.84 41.92  -1.323 -0.504 -4.782 -5.789 
STUD SOUTH MALAYSIA INDUSTRIES 145.49 196.83 34.88  -1.212 -0.438 -3.775 -6.169 
TALA TALAM   304.45 412.93 20.422  -3.474-1.409 -4.431 -7.157
UNIP UNIPHONE TELECOMMUNICATIONS 291.14 297.31 28.2  -1.959 -1.390 -4.949 -5.796 
WIDE WORLDWIDE HOLDINGS  339.24 437.54 18.367  -1.894 -1.222 -6.209 -6.894 
PHI  PHI 
ALI AYALA LAND 99488 29616 37.856  -1.238 -2.161 -7.468 -3.212 
BRN A BROWN COMPANY 928.54 1120.8 42.367  -0.844 -0.718 -5.293 -6.594 
CBH CEBU HOLDINGS  1871 3107.4 47.978  -1.044 -2.418 -7.021 -6.229 
CEB KEPPEL PHILPS.PROPS. 'A' 117.33 712.58 10.5  -2.077 -1.010 -6.142 -5.767 
CPV CEBU PR.VENT.&DEV.'A'  555.79 621.1 17.817  -1.223 -2.198 -6.776 -5.300 
DIZ DIZON COPPER SILVER MNS. 411.52 364.61 34.9  -1.291 -0.332 -5.421 -5.850 
EEQ EEI  1180.2 1978.1 26.3  -1.645 -2.393 -6.411 -5.713 
FJP F&J PRINCE HDG.'A' 173.67 345.58 13.3  -1.894 -2.329 -7.033 -5.911 
FLI FILINVEST LAND 15526 14470 26.789  -1.421 -1.749 -6.978 -11.991 
HOV HOUSE OF INVS. 936 1718.9 9.02  -2.583 -1.447 -5.456 -5.668 
JDI JARDINE DAVIES  1706.6 2204.1 9.2429  -1.628 -0.655 -6.571 -5.729 
JGS JG SUMMIT HDG. 19565 41172 10.067  -1.451 -0.978 -6.472 -3.558 
KPA KEPPEL PHILPS.HDG. 'A 266.8 399.61 7.5667  -2.055 -1.578 -6.610 -16.087 
KPP KUOK PHILP.PROPS.  2167.9 4672.9 53.6  -1.482 0.026 -4.642 -6.228 
MEG MEGAWORLD      7781.6 11174 19.422 -1.861 -2.393 -5.541 -6.109
OVA PHILODRILL 'A' 449.66 1114.5 205.24  -1.716 -1.687 -7.138 -6.144 
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 PTA ATR KIM ENG FINL.  167.56 271.82 19.567  -1.922 -1.653 -7.170 -5.690 
PTC PETRON    49344 16.61417509  -2.053-1.685 -7.509 -5.736
RLA PHILPS.REALTY & HDG. 2247.1 3179.1 9.375  0.280 -1.279 -6.366 -4.350 
SJO FIL - ESTATE 374.01 405.13 N/A  -1.855 -0.681 -7.697 -5.701 
SIN  SIN 
BONV BONVEST HOLDINGS  175.62 362.72 12.1  -1.545 -1.482 -6.341 -5.728 
BUKT BUKIT SEMBAWANG EST. 408 137.25 140.96  -1.761 -2.055 -4.639 -2.438 
CHMI CHEMICAL INDL. (FE)  88.787 100.72 16.92  -1.072 -1.448 -6.008 -5.779 
CITY CITY DEVELOPMENTS 6334.6 3411.1 70.078  -2.042 -1.527 -6.054 -6.699 
DBSL CAPITALAND      4011.3 4826.1 23.729 -1.454 -0.811 -6.527 -6.003
FCAP GUOCOLAND      645.19 1094.9 7.74 -2.316 0.061 -3.745 -6.191
HONG HONG FOK CORPORATION  194.36 749.52 8.7667  -1.004 -0.692 -5.776 -5.987 
LCDV L C DEVELOPMENT 114.8 167.49 86.033  -0.870 -1.626 -7.565 -5.718 
MACR MCL LAND  585.85 935.12 17.843  -2.245 -1.356 -7.690 -5.808 
MARC MARCO POLO DEV. 815.43 712.62 21.422  -3.087 -0.344 -6.413 -5.859 
OPHH ORCHARD PARADE HDG. 310.73 499.21 16.55  -2.099 -0.933 -2.367 -5.822 
SCOT ASCOTT    319.29 743.35 64.16 -1.162 -1.235 -5.878 -5.892
SLND SINGAPORE LAND 1835.6 2972.6 22.744  -1.554 -0.820 -7.297 -6.015 
STSP KEPPEL LAND 1720.8 2136.2 26.757  -1.727 -0.921 -6.982 -6.018 
UL UNITED OVERSEAS LAND 1013.5 1805.7 22.133  -1.820 -1.242 -5.422 -5.889 
WING WING TAI HOLDINGS  1054.8 1319.5 18.35  -1.388 -0.931 -6.391 -5.674 
THAI  THAI 
AMPT AMARIN PLAZA  1404.3 2435.8 20.867  -1.736 -2.166 -7.600 -5.658 
BLAD BANGKOK LAND COMPANY 7586 11578 16.1  -2.288 -2.568 -5.579 -7.696 
EAST EASTERN STAR REAL ESTATE 638.25 1067.8 12.767  -1.880 -1.136 -8.082 -6.193 
FSFC KEPPEL THAI PROPERTIES 1794.6 655.68 147.53  -1.761 -1.868 -5.566 -5.700 
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 GOLD GOLDEN LAND PR.DEV. 2763.4 2896 9.7  -2.216 -1.399 -6.324 -17.437 
HEM HEMARAJ LAND & DEV. 3470.8 1975.5 13.2  -0.491 -1.409 -5.105 -5.000 
LAHT LAND AND HOUSES  29783 13222 49.933  -1.535 -1.791 -5.425 -1.654 
MKRE MK REAL ESTATE (TB) 1091.3 1886.4 13.175  -1.593 -1.474 -5.315 -5.783 
PCM ASIAN PROPERTY  1722.4 666.49 14.22  -1.591 -1.100 -5.614 -6.388 
QUHO QUALITY HOUSES 5108.5 2915.9 104.86  -1.517 -0.902 -6.958 -6.475 
SAMC SAMMAKORN  1319.8 1406.6 15.7  -0.783 -1.742 -6.057 -5.755 
Note: 
[1]: MV and NTA are the average market values and net tangible assets over a period of 1995 to 2003.  
[2]: MV is measured in million in local currency, and NTA is measured in thousand in local currency 























Appendix                                                                                                                                                                                                                                             126                             
Appendix                                                                                                                                                       127                            
                                                                                            
 
Appendix 3 The Firm-Specific Estimates and Diagnostic Results of OLS Version 
In Eight Property Markets 
 
 
COMP. ECM LR σˆ  2SCχ  2FFχ  2NOχ  2HEχ  2R  LL  
AUS 
BTOX* -0.838 (0.093) 0.049 (0.295) 0.105 11.90 15.76 0.25  2.43  0.75 33.24 
CEPX*** -0.465 (0.133) 0.239 (0.174) 0.08 0.02 0.47 1.50  0.82  0.64 43.09 
GANX* -0.649 (0.088) 1.259 (0.521) 0.315 4.18 12.21 1.21  5.42  0.64 -5.33 
GPTS -1.000 (NA) 1.613 (0.125) 0.077 3.67 3.21 0.32  0.51  0.95 43.32 
LEND* -0.952 (0.063) 1.387 (0.194) 0.09 5.59 9.24 3.16  0.15  0.89 38.65 
MILT -0.201 (0.099) -1.969 (1.683) 0.474 0.33 7.51 77.06  18.15  0.16 -19.63 
NPTX -0.193 (0.109) -0.001 (0.881) 0.088 0.93 2.99 2.38  0.01  0.11 39.09 
PIIX -0.382 (0.144) -0.243 (0.394) 0.051 3.49 0.06 1.08  0.01  0.28 57.30 
SCHR* -0.749 (0.125) 0.422 (0.114) 0.096 15.83 15.88 0.08  14.02  0.49 36.18 
STCK* -0.563 (0.083) 1.596 (0.583) 0.303 6.07 16.98 1.80  10.03  0.60 -4.00 
WEBS** -0.668 (0.158) 1.591 (0.199) 0.077 0.67 0.30 1.16  0.30  0.94 44.53 
WELD -0.494 (0.165) 1.517 (0.270) 0.06 1.19 1.81 1.01  0.28  0.95 53.53 
WPTX -0.213 (0.102) -1.893 (1.581) 0.462 0.12 4.11 33.75  16.78  0.14 -18.71 
WTFD -0.168 (0.109) 0.087 (0.887) 0.078 12.08 0.32 0.73  6.54  0.06 43.09 
HK 
AMOY -0.299 (0.121) 1.737 (0.353) 0.3 0.14 3.42 0.19  0.29  0.68 -3.01 
ASIA** -0.464 (0.113) 1.607 (0.169) 0.271 0.17 5.00 7.52  0.14  0.84 0.63  
ASTD -0.387 (0.166) 1.125 (0.167) 0.333 3.89 14.52 0.53  6.58  0.71 -6.59 
CHGK -0.279 (0.154) -0.509 (1.045) 0.953 0.59 6.49 45.12  23.21  0.04 -44.06 
CHIB* -0.865 (0.146) 0.169 (0.071) 0.347 6.44 0.96 2.57  2.05  0.57 -8.71 
CHNE -0.165 (0.101) 0.750 (1.046) 0.296 2.71 0.06 17.71  0.16  0.57 -2.47 
CHUK -0.505 (0.167) -0.054 (0.810) 0.302 1.15 0.49 2.83  0.10  0.12 -3.83 
CPRO*** -0.498 (0.142) 1.360 (0.977) 0.513 2.32 1.56 2.14  3.47  0.36 -22.43 
EMPR* -0.84 (0.144) 0.172 (0.115) 0.62 3.99 0.00 8.33  0.52  0.48 -29.03 
GOFA -1.000 (NA) 0.697 (0.061) 0.206 5.08 2.05 2.98  0.15  0.83 8.97  
HENI -1.000 (NA) 2.101 (0.757) 0.811 17.55 0.01 9.41  2.87  0.17 -39.04 
HKRA* -0.728 (0.108) 3.446 (0.422) 0.34 0.57 1.65 7.47  1.67  0.62 -7.99 
HKRI -0.508 (0.174) 1.525 (0.259) 0.261 1.71 11.53 0.38  0.56  0.68 2.65  
HLDV -0.252 (0.144) 0.69 0.917 (0.742) 0.353 0.72 1.11  2.55  0.42 -7.63 
-0.434 (0.140) 0.185 (0.131) 0.66 6.18 6.32  0.15  0.67 
HOPE -0.209 (0.090) -1.986 10.59  (0.949) 0.287 0.16 5.39 7.25  0.29 -1.43 
HUEY* -0.705 (0.110) 2.088 (0.529) 0.203 0.38 0.08 4.02  0.42  0.80 10.70 
KSHI** -0.706 (0.173) -0.405 (0.228) 0.159 0.05 0.92 0.54  0.05  0.25 19.46 
LEHD -0.378 (0.140) 1.607 (0.272) 0.305 1.52 0.46 2.93  0.02  0.71 -3.59 
HONK 0.316 -3.88 
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MELE* -0.65 (0.104) 1.614 (0.135) 0.298 0.05 5.56 10.82  0.10  0.83 -2.81 
NWDV -0.496 (0.165) 1.091 (0.126) 0.322 9.34 20.90 0.13  8.37  0.72 -5.49 
ORIE -0.265 (0.134) -0.746 (0.934) 0.871 0.41 1.84 31.56  21.84  0.08 -40.94 
-1.000 (NA) 0.070 (0.044) 0.271 8.19 4.70 2.07  1.52  0.70 -0.62 
POKF** -0.335 (0.090) 0.438 (0.539) 0.327 3.29 2.37 13.81  0.45  0.32 -6.64 
SEAH -0.409 (0.163) -0.077 (0.873) 0.254 1.60 0.05 0.70  14.66  0.04 2.26  
SHKP -0.175 (0.179) -0.439 (4.630) 0.451 -16.63 4.43 11.46 4.54  15.19  0.03 
SILG* -0.813 (0.146) 0.184 0.04  (0.119) 0.57 3.76 0.07 4.59  0.51 -26.07 
SUNG -1.000 (NA) 0.641 (0.053) 0.181 5.02 7.18 4.33  0.18  0.87 13.52 
TAKW -1.000 (NA) 2.092 (0.887) 0.905 43.77 4.80 7.83  0.18  -0.10 -42.86 
TCPC* -0.839 (0.077) 3.332 (0.289) 0.278 2.98 1.34 0.16  3.28  0.80 -0.89 
TERP* -0.764 (0.101) 1.698 (0.178) 0.28 1.75 13.60 1.41  1.81  0.67 -1.24 
TIAN -0.443 (0.164) 1.103 (0.551) 0.53 0.01 8.62 5.44  0.10  0.70 -22.91 
TOMP -0.392 (0.117) 0.215 (0.154) 0.354 0.16 0.45 2.90  0.19  0.69 -8.82 
TSLD -0.087 (0.071) -7.547 (6.639) 0.219 0.05 8.62  6.98 0.56  2.04  0.59 
WHAR -1.000 (NA) 1.444 (0.550) 0.292 6.43 17.51 1.16  19.15  0.70 -3.25 
WINF -0.603 (0.201) 0.06 -0.573 (0.457) 0.256 0.00 0.06  0.24  0.15 3.96  
IND 
DJA* -0.915 (0.097) 0.101 (0.312) 0.462 14.34 13.57 0.86  2.46  0.75 -18.71 
ERT -0.465 (0.148) 0.520 (0.279) 0.496 0.06 0.04 1.00  0.01  0.22 -21.20 
GSK** -0.604 (0.153) -0.383 (0.313) 0.465 2.31 5.61 5.89  10.99  0.32 -18.93 
INA -1.000 (NA) 0.394 (0.105) 0.351 1.32 0.10 1.34  0.02  0.50 -9.71 
INC -0.312 (0.121) 0.784 (0.487) 0.455 0.06 5.25 7.65  0.03  0.06 -18.18 
RAM -0.360 (0.147) 0.033 (0.480) 0.483 1.26 0.31 7.69  2.01  0.12 -20.31 
SUM -1.000 (NA) 0.355 (0.151) 0.535 19.46 6.61 1.00  2.07  0.33 -24.46 
ACHI -0.227 (0.170) -0.692 (1.112) 0.249 1.88 0.06 1.27  1.01  0.31 4.30  
AF -0.45 (0.133) 0.119 (0.095) 0.259 2.92 0.13 0.93  0.31  0.52 2.13  
AOKI -0.433 (0.178) 0.437 (0.167) 0.231 0.27 0.05 0.03  0.18  0.23 5.55  
ASAS -0.308 (0.113) -0.559 (0.500) 0.166 1.99 1.05 1.16  0.79  0.52 18.08 
ASGK** -0.678 (0.160) 0.351 (0.276) 0.249 0.19 3.83 1.26  0.07  0.46 3.63  
AUFO*** -0.381 (0.104) 2.313 (0.292) 0.154 0.23 5.19 0.10  0.35  0.81 20.81 
AY -0.375 (0.163) 0.572 0.70  (0.457) 0.185 0.18 5.56 0.06  0.60 14.04 
BG -1.000 (NA) 2.345 (0.229) 0.202 1.28 5.98 2.00  4.30  0.58 9.54  
BL -0.049 (0.101) 23.800 (50.820
) 
0.45 0.161 6.74 0.26 1.01  0.33  18.48 
CARL*** -0.460 (0.135) 0.553 (0.294) 0.226 0.69 0.10 2.29  1.49  0.23 6.27  
-1.000 (NA) 0.581 (0.114) 0.121 1.88 6.22  0.02  0.59 27.60 
CN -0.261 (0.101) -0.002 (0.485) 0.163 0.01 0.66 14.69  0.05  0.39 18.59 
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DCHC 13.48 -0.238 (0.115) -0.279 (0.220) 0.187 0.08 0.40 0.38  5.18  0.37 
DH -0.434 (0.157) 0.632 (0.340) 0.173 0.44 12.07 3.16  12.91  0.37 16.94 
DITC -0.346 (0.143) 0.760 (0.618) 0.289 0.68 5.40 1.97  1.33  0.21 -2.33 
DJIT*** -0.524 (0.153) 0.640 (0.105) 0.306 0.36 8.46 2.19  0.00  0.73 -2.72 
DKKO* -0.768 (0.091) 0.409 (0.090) 0.226 0.97 6.04 1.75  2.52  0.72 6.25  
DL*** -0.85 (0.233) 0.339 (0.105) 0.175 0.20 0.33 0.13  0.08  0.28 15.87 
DM* -0.425 (0.076) -5.900 (1.086) 0.21 0.08 0.01 3.60  0.22  0.61 8.85  
DTRI** -0.592 (0.147) 0.916 (0.321) 0.308 5.75 20.49 7.49  24.42  0.27 -4.57 
FJIY* -0.652 (0.130) 1.126 (0.200) 0.196 0.91 11.37 0.03 1.28  0.83  0.43 
FJKY -0.349 (0.133) 0.046 (0.194) 0.142 6.46 5.62 1.17  7.40  0.19 22.50 
FJTR*** -0.423 (0.122) 0.899 (0.343) 0.243 0.66 5.22 0.89  3.58  0.44 3.78  
FUSO -0.209 (0.113) 1.643 (0.972) 0.188 0.45 1.16 0.71  0.49  0.83 13.42 
GD -0.416 (0.149) 1.267 (0.294) 0.13 4.99 3.62 7.36  0.00  0.48 26.24 
HAKO -0.313 (0.167) 0.809 (0.135) 0.163 0.05 1.05 0.53  0.35  0.83 18.36 
HIEI -0.182 (0.108) 0.636 (0.288) 0.211 0.58 16.12 1.02  19.84  0.52 9.27  
HNKU -0.242 (0.114) 1.904 (1.704) 0.224 0.01 4.52 13.97  0.55  0.11 7.24  
HSNE -0.201 (0.194) -0.731 (1.653) 0.338 0.62 0.33 7.23  0.36  0.35 -5.43 
HW -1.000 (NA) -0.489 (0.198) 0.234 18.92 0.08 1.30  2.30  0.18 4.43  
ICHI** -0.600 (0.157) 2.13  -1.122 (0.766) 0.186 0.05 0.86 0.30  0.34 13.11 
ISHC* -0.688 (0.109) 0.422 (0.072) 0.163 1.14 2.20 2.04  0.00  0.58 17.72 
IZUM -0.338 (0.135) -0.248 (0.614) 0.249 1.59 0.56 0.53  0.00  0.23 4.21  
JN*** -0.492 (0.140) 0.395 (0.184) 0.168 0.25 9.86 1.10  0.00  0.55 17.39 
JP -0.404 (0.153) 0.362 (0.301) 0.183 0.00 0.10 1.41  0.88  0.36 14.71 
JPPP -0.365 (0.137) 1.829 (1.137) 0.207 0.18 3.25 1.24  0.29  0.09 9.42  
JR -0.346 (0.103) 2.003 (0.310) 0.195 0.84 1.36 9.45  0.27  0.84 13.78 
JSTW* -0.910 (0.062) -0.506 (0.177) 0.222 15.19 18.17 2.19  0.38  0.90 7.00  
JT* -0.515 (0.118) 2.018 (0.258) 0.197 0.44 11.13 0.35  5.47  0.64 11.82 
JZ* -0.803 (0.143) -0.053 (0.043) 0.089 1.34 4.01 0.46  0.05  0.59 38.85 
KBRJ* -0.652 (0.110) 3.429 (0.531) 0.246 0.23 12.25 0.39  5.21  0.52 3.36  
KEYO -0.377 (0.129) 1.100 (0.405) 0.233 0.87 7.33 0.32  0.97  0.30 5.19  
-0.571 (0.141) 0.784 (0.100) 0.293 3.55 2.65 1.80  0.26  0.63 -2.18 
KINR -0.370 (0.142) 1.850 (0.454) 0.335 0.94 6.68 1.47  1.56  0.66 -6.85 
KMGI* -0.750 (0.128) 0.408 (0.141) 0.218 3.35 4.08 1.19  0.00  0.53 7.60  
KMTC -0.423 (0.128) 0.479 (0.159) 0.115 0.03 0.63 1.53  0.06  0.53 30.48 
KOME** -0.461 (0.116) -1.674 (0.437) 0.318 5.59 18.32 13.86  7.94  0.38 -4.98 
KTEL -0.347 (0.115) 0.697 (0.226) 0.213 0.02 7.15 0.68  4.94  0.38 8.91  
KTMR -0.388 (0.150) 1.406 (0.165) 0.189 0.30 1.51 2.89  0.46  0.86 13.61 
LE*** -0.473 (0.137) 0.152 (0.505) 0.214 0.00 0.33 3.12  0.36  0.37 8.27  
MF* -0.510 (0.101) 0.410 (0.383) 0.239 4.09 9.12 1.17  9.61  0.44 4.41  
MITP* -0.746 (0.107) 0.527 (0.047) 0.121 6.75 2.30 1.14  0.27  0.84 28.76 
MO* -0.740 (0.106) 0.676 (0.279) 0.282 2.55 8.47 1.13  3.24  0.64 -1.45 
KICO** 
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2.59 MS -0.165 (0.174) -1.296 (2.572) 0.208 0.57 1.48  1.18  0.45 10.30 
MSNO* -0.684 (0.112) 0.087 (0.054) 0.235 3.96 1.58 0.72  0.11  0.58 4.95  
MT -0.521 (0.176) 0.58 0.388 (0.132) 0.214 0.83 0.95  0.03  0.23 9.38  
MTOW -0.434 (0.159) -0.313 (0.563) 0.272 3.42 16.48 1.36  6.95  0.20 1.21  
MTSU* -0.775 (0.150) 0.934 (0.279) 0.284 4.68 8.77 0.14  1.70  0.44 -1.68 
NAKC -0.370 (0.109) 2.537 (0.353) 0.17 1.64 2.02 1.47  0.21  0.76 17.64 
NCCO** -0.642 (0.162) 0.948 (0.282) 0.193 9.17 3.88 1.24  0.25  0.64 13.43 
NGYR** -0.688 (0.186) 1.995 (0.251) 0.149 1.21 1.85 1.47  0.00  0.42 21.34 
NIHM* -0.623 (0.094) 0.283 (1.683) 0.277 9.32 15.02 0.31  4.07  0.63 -0.86 
NIMA -0.260 (0.133) 0.542 (0.408) 0.195 0.04 0.75 0.27  1.34  0.21 11.47 
NINS -1.000 (NA) 0.505 (0.145) 0.158 4.82 0.01 0.76  0.01  0.48 18.20 
NISE -0.151 (0.072) 0.342 (0.580) 0.121 0.00 0.43 2.33  0.30  0.61 28.87 
NITT -0.452 (0.161) 4.72  0.842 (0.187) 0.235 2.55 1.27 0.02  0.47 6.18  
NTHS -0.157 (0.126) -0.257 (0.373) 0.179 0.65 4.91 0.06  0.06  0.17 15.54 
NTKA -0.240 (0.084) 0.312 (0.461) 0.126 0.47 7.35 7.46  23.23  0.48 27.33 
OB -0.335 (0.146) 0.885 (0.689) 0.308 0.48 0.22 195.46  0.03  0.00 -4.58 
-0.602 (0.179) 0.594 (0.086) 2.32 3.18 4.26  0.39  0.73 -0.01 
OKAB* -0.669 (0.081) 0.505 (0.083) 0.182 1.40 2.69 1.73  0.47  0.78 13.95 
OS*** -0.715 (0.118)(0.198) 0.360 0.162 0.62 1.64 0.38  3.80  0.34 18.41 
PR* -0.347 (0.074) -6.167 (1.378) 0.206 1.46 7.88 0.82  7.29  0.55 9.54  
RQ -0.264 (0.096) -0.137 (0.577) 0.146 0.04 4.07 0.94  0.69  0.53 22.41 
RT* -0.736 (0.115) 1.015 (0.172) 0.185 0.02 3.24 0.40  0.49  0.56 13.38 
RY -0.422 (0.138) 0.091 (0.196) 0.168 0.64 6.88 1.75  5.15  0.28 16.77 
RZ -0.400 (0.118) 1.046 (0.330) 0.244 0.11 0.14 60.51  0.02  0.33 3.61  
SE* -0.676 (0.102) 2.371 (0.398) 0.261 7.13 21.14 4.71  24.37  0.62 1.32  
SENK* -0.571 (0.116) 1.160 (0.234) 0.139 3.70 0.24 0.94  0.12  0.52 23.98 
SGIR -0.343 (0.155) 0.770 (0.131) 0.166 1.38 0.12 0.49  0.66  0.79 18.13 
SLLT -0.175 (0.109) 0.587 (0.287) 0.209 1.38 15.74 2.63  19.14  0.53 9.74  
SOTE -0.166 (0.110) -0.544 (2.487) 0.198 0.69 0.98 0.10  3.33  0.25 11.01 
SSST -0.177 (0.118) -0.094 (0.786) 0.231 1.87 4.54 0.87  3.47  0.13 5.54  
SUZD -0.479 (0.172) -0.508 (0.366) 0.207 0.00 8.64 0.07  8.79  0.11 9.41  
SZ** -0.564 (0.146) -1.815 (0.750) 0.193 0.69 0.73 2.61  0.37  0.35 11.78 
TEIS* -0.652 (0.113) 0.375 (0.076) 0.169 1.48 0.36 0.91  0.02  0.64 16.51 
TG -0.230 (0.135) -0.777 (1.065) 0.207 3.33 7.06 1.02  0.33  0.22 10.52 
TKCO -0.304 (0.156) 0.307 (0.298) 0.151 0.58 3.60 1.08  0.39  0.39 21.26 
TKIK*** -0.534 (0.156) 0.406 (0.234) 0.184 0.70 1.59 1.45  0.01  0.47 14.04 
TKTH -0.217 (0.132) 0.875 (1.451) 0.173 2.24 0.36 4.82  2.53  0.03 16.32 
TNIS -0.405 (0.126) 1.939 (0.361) 0.264 2.21 2.40 0.26  0.44  0.71 3.05  
TNSM* -0.901 (0.052) -0.43 (0.129) 0.171 15.76 18.34 0.69  0.01  0.93 15.97 
TOFU* -0.407 (0.092) 1.875 (0.207) 0.123 2.53 7.91 3.31  1.44  0.79 28.22 
TOLE** -0.672 (0.169) 0.012 (0.060) 0.103 1.07 0.05 1.21  2.67  0.44 34.36 
OHKI 0.282
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0.10  TOME* -0.629 (0.097) 3.156 (0.430) 0.194 1.06 4.44 0.20  0.64 11.60 
TPRE*** -0.479 (0.132) 1.214 (0.366) 0.272 0.41 10.61 4.21  1.97  0.28 -0.19 
TSBK* -0.774 (0.092) 0.844 (0.073) 0.28 2.03 7.14 16.96  0.35  0.67 -1.22 
TSUT -0.287 (0.140) 1.292 (0.677) 0.306 0.17 5.28 1.60  0.77  0.68 -2.78 
UEKI* -0.870 (0.116) 0.440 (0.119) 0.234 3.44 6.59 2.63  0.33  0.61 5.09  
UJ -0.286 (0.133) 0.391 (0.293) 0.138 0.15 0.24 1.09  9.09  0.26 23.67 
UNY* -0.560 (0.123) -1.704 (0.405) 0.358 2.57 23.35 6.33  10.83  0.40 -9.20 
UX -0.383 (0.165) 0.937 (0.288) 0.294 1.70 10.99 9.34  1.67  0.34 -2.22 
VF* -0.907 (0.096) 1.177 (0.085) 0.262 3.36 0.12 8.10  0.09  0.74 1.15  
WAKD -0.351 (0.135) -1.012 (0.728) 0.192 1.77 0.08 4.79  0.50  0.16 12.35 
YC -0.337 (0.100) 0.290 (0.562) 0.239 3.38 1.32 0.78  1.29  0.40 4.32  
YTAN -0.416 (0.158) 0.572 (0.086) 0.118 1.65 0.09 0.66  0.82  0.84 29.54 
ZG* -0.725 (0.091) 0.963 (0.245) 0.247 3.80 3.78 1.83  0.69  0.70 3.25  
MAL 
AMDB -0.253 (0.139) -0.656 (0.299) 0.257 0.18 1.27 1.09  2.09  0.57 3.18  
ASAS -0.444 (0.133) 0.065 (0.192) 0.247 1.07 0.24 1.25  0.92  0.30 3.23  
ASIA -0.317 (0.120) -0.392 (0.708) 0.291 0.02 3.26 0.87  0.53  0.48 -0.10 
AYER -0.184 (0.116) 0.435 (1.113) 0.274 0.03 0.74 1.45  0.63  -0.03 -0.49 
AYHP* -0.865 (0.181) 0.459 (0.043) 0.207 0.03 1.67 2.43  0.81  0.71 11.31 
BANA -0.244 (0.137) -0.932 (1.019) 0.306 2.97 1.73 0.11  0.05  -0.03 -4.32 
COUN** -0.534 (0.140) 0.936 (0.302) 0.291 0.49 0.06 1.80  0.38  0.59 -1.97 
DAIM -1.000 (NA) 0.634 (0.543) 0.2 0.18 1.68 1.03  0.00  0.64 9.94  
DAMA -0.239 (0.106) 2.024 (0.781) 0.319 0.01 9.48 0.53  11.68  0.57 -5.17 
DJCP -1.000 (NA) 0.716 (0.130) 0.248 0.96 3.46 0.13  0.06  0.38 2.45  
ECON -0.424 (0.170) 1.423 (0.261) 0.353 2.42 3.12 0.10  3.42  0.74 -8.71 
EKAN** -0.616 (0.164) 0.450 (0.150) 0.276 0.15 9.18 3.79  15.76  0.28 -0.12 
FIMA -0.163 (0.120) 0.134 (0.693) 0.296 0.60 0.80 4.65  0.05  0.19 -1.66 
FLOP -0.459 (0.154) 1.132 (0.511) 0.195 0.71 0.02 0.92  5.25  0.49 12.39 
IGOB*** -0.466 (0.127) 0.201 (0.499) 0.225 2.22 0.99 5.04  13.18  0.40 6.47  
ISLP* -0.950 (0.180) 0.699 (0.126) 0.188 0.65 0.00 0.82  0.36  0.46 14.54 
JERM*** -0.678 (0.191) 0.976 (0.280) 0.216 4.37 20.59 12.41  10.72  0.30 8.45  
KUND -0.477 (0.155) 0.259 (0.597) 0.383 0.24 0.63 18.80  0.68  0.15 -12.16 
LGEN** -0.439 (0.108) -0.682 (0.240) 0.345 0.01 2.79 0.16  5.79  0.51 -8.53 
LIEN** -0.624 (0.165) -0.194 (0.160) 0.277 0.58 1.47 0.53  0.60  0.30 -0.88 
LSHT -0.256 (0.146) -0.077 (1.149) 0.41 0.39 2.74 0.56  0.16  0.43 -13.93 
MCBH -0.135 (0.089) -1.474 (1.909) 0.203 0.06 0.17 0.92  8.13  0.27 12.44 
MENA* -0.802 (0.093) 0.374 (0.038) 0.182 1.05 0.00 1.23  0.23  0.71 13.84 
PARA -0.236 (0.183) -1.536 (1.342) 0.29 0.32 3.57 2.64  0.96  0.21 -0.76 
PELA* -0.572 (0.128) 1.001 (0.239) 0.26 4.02 0.08 0.68  1.52  0.64 2.07  
PETA -0.592 (0.213) -0.655 (0.797) 0.155 2.93 5.16 1.53  0.88  0.42 20.05 
PETG** -0.418 (0.103) 2.044 (0.571) 0.409 0.10 15.05 1.25  23.91  0.34 -14.44 
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(0.151) PKIM* -0.75 0.733 (0.154) 0.196 0.03 0.97 0.15  0.08  0.44 12.36 
SELD -0.305 (0.152) 1.227 (0.307) 0.288 0.05 5.11 0.25  3.69  0.81 -1.58 
SELP -0.37 (0.129) 0.539 (0.249) 0.261 0.38 1.24 3.35  21.45  0.17 1.32  
SENT -0.137 (0.126) -0.119 (0.686) 0.315 0.18 0.31 1.32  0.05  0.09 -4.67 
SHAH -0.456 (0.137) 0.904 (0.812) 0.313 0.41 5.85 0.02  0.66  0.22 -5.10 
STUD -0.410 (0.124) 0.315 (0.476) 0.198 0.34 10.18 0.25  1.43  0.30 10.89 
TALA*** -0.639 (0.174) 0.632 (0.198) 0.212 0.50 3.37 2.35  0.20  0.35 9.00  
UNIP** -0.587 (0.139) 0.330 (0.285) 0.226 0.55 0.79 1.08  0.08  0.44 6.35  
WIDE -0.281 (0.133) 0.675 (0.976) 0.341 0.69 1.68 4.60  0.89  0.11 -8.12 
PHI 
ALI -0.151 (0.068) 2.948 (1.550) 0.255 1.53 1.94 0.50  1.99  0.33 2.75  
BRN -0.228 (0.135) 0.841 (1.608) 0.613 0.36 11.28 10.82  20.47  0.13 -27.98 
CBH -0.396 (0.125) -1.493 (0.666) 0.77 1.54 0.60 17.61  6.20  0.20 -36.62 
CEB* -0.545 (0.121) 3.030 (0.779) 0.713 0.00 1.77 21.54  6.10  0.46 -33.91 
CPV -1.000 (NA) 2.180 (0.237) 0.488 3.15 8.00 1.78  3.14  0.59 -21.29 
DIZ -0.187 (0.135) 1.625 (1.664) 0.303 10.63 0.18 1.22  0.16  0.27 0.00  
EEQ -0.058 (0.077) -0.62 (3.306) 0.371 1.35 0.83 2.49  0.15  -0.05 -11.07 
FJP -0.393 (0.155) 0.74 (1.689) 0.955 0.23 0.82 4.08  26.37  0.28 -43.50 
FLI -0.216 (0.102) -0.108 (0.708) 0.55 1.71 0.78 96.23  0.04  0.06 -24.82 
HOV*** -0.351 (0.099) 0.985 (0.458) 0.807 0.00 0.96 4.23  13.00  0.26 -38.26 
JDI* -0.392 (0.079) 1.299 (0.550) 0.388 4.59 18.21 3.43  23.52  0.46 -12.61 
JGS -0.216 (0.139) 1.047 (1.720) 0.623 0.01 17.38 13.40  23.38  0.17 -28.54 
-0.387 (0.129) -1.518 (0.748) 0.853 0.13 4.31 42.33  16.77  0.14 -40.18 
KPP*** -0.562 (0.161) 3.950 (0.897) 0.728 0.88 5.07 20.73  1.21  0.40 -32.25 
MEG -1.000 (NA) 2.703 (0.283) 0.489 2.94 7.08 0.69  2.48  0.58 -19.37 
OVA* -0.634 (0.102) -0.123 (0.254) 0.451 9.72 17.06 0.17  10.69  0.56 -17.92 
PTA -0.056 (0.109) 0.949 (4.985) 0.46 0.49 1.29 1.79  2.20  -0.02 -18.57 
PTC -0.293 (0.151) 0.450 (2.574) 1.001 -45.16 0.41 0.53 4.98  20.65  0.19 
RLA -0.225 (0.101) 0.929 7.00  (0.862) 0.495 0.00 12.29 10.16  0.22 -17.66 
SJO -0.239 9.89 (0.135) 3.219 (1.660) 0.544 0.01 1.07  14.01  0.57 -20.04 
SIN 
BONV -0.387 (0.128) 1.489 0.79  (0.409) 0.239 0.00 16.37 0.62  0.80 5.65  
BUKT -0.537 (0.205) 1.319 (0.531) 0.217 0.14 6.42 0.95  3.52  0.34 8.92  
CHMI -0.389 (0.134) -0.764 (0.300) 0.38 0.137 3.39 1.07 6.37  0.00  23.92 
CITY -0.349 (0.145) -0.613 (0.594) 0.309 0.02 9.22 2.67  12.63  0.13 -4.61 
DBSL* -0.787 (0.178) 0.626 (0.170) 0.197 0.53 2.71 1.16  1.14  0.55 12.16 
FCAP -0.509 (0.175) -0.812 (0.602) 0.241 0.01 2.23 0.37  0.23  0.21 4.03  
HONG* -0.614 (0.142) 1.968 (0.371) 0.221 0.06 8.06 0.40  1.91  0.31 7.71  
LCDV -0.24 (0.115) 2.347 (1.177) 0.222 0.01 3.34 4.59  0.11  0.25 7.55  
MACR -0.335 (0.121) 1.571 (0.456) 0.229 0.00 8.24 0.61  0.04  0.80 7.11  
MARC* -0.805 (0.090) 1.338 (0.310) 0.209 5.66 2.56 1.26  0.12  0.76 9.01  
KPA 
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0.191 0.33 OPHH* -0.533 (0.123) -0.997 (0.301) 2.95 0.09 0.56  0.01  12.57 
SCOT -0.351 (0.134) -0.564 2.50  (0.596) 0.267 0.83 8.94 6.70  0.36 1.12  
SLND*** -0.602 (0.164) 0.844 (0.220) 0.195 7.38 3.86 4.48  2.62  0.41 11.85 
STSP -0.500 (0.172) -1.255 (0.680) 0.266 0.78 0.00 5.86  0.02  0.24 0.63  
UL* -0.531 (0.114) 1.990 (0.417) 0.19 0.14 9.77 3.12  14.43  0.47 13.16 
WING -0.279 (0.113) 2.519 (1.296) 0.262 1.54 4.43 3.82  4.24  0.22 1.13  
THAI 
AMPT* -0.591 (0.134) 0.318 (0.130) 0.375 0.44 1.41 1.14  1.16  0.37 -11.43 
BLAD* -0.610 (0.143) 0.157 (0.149) 0.502 8.95 9.65 0.76  7.54  0.39 -21.65 
EAST -0.231 (0.107) -0.600 0.01  (0.506) 0.417 2.00 0.04 0.41  0.21 -13.31 
FSFC* -0.843 (0.128) 0.460 (0.403) 0.496 6.97 4.95 0.39  2.35  0.54 -21.20 
GOLD -0.485 (0.153) 0.086 (0.224) 0.551 0.34 2.56 0.39  0.80  0.29 -24.27 
HEM -0.365 (0.148) 0.015 (0.362) 0.48 0.92 10.00 21.63  9.96  0.09 -20.04 
LAHT -0.451 (0.149) 0.199 (0.481) 0.375 0.21 2.85 1.34  0.85  0.11 -11.40 
MKRE -0.424 (0.177) 0.054 (0.332) 0.618 0.10 1.32 16.60  0.07  0.09 -28.92 
PCM -0.456 (0.175) 1.196 (0.713) 0.611 6.10 5.02 2.80  1.14  0.16 -27.90 
QUHO -0.162 (0.137) 0.735 (0.781) 0.342 0.27 4.90 1.46  1.38  0.31 -5.45 
SAMC -0.510 (0.154) 0.406 (0.193) 0.306 1.09 1.29 1.23  0.01  0.23 -4.26 
Note: 
[1]:  “ECM” and “LR” represent error correction coefficient and long-run coefficient, separately.  
[2]:  MV and NTA are in local currency. 
[3]: σˆ  is the estimated standard deviation. , , ,  are four diagnostic tests for    2SCχ 2FFχ 2NOχ 2HEχ
        absence of residual serial correlation, correct  functional form, normality, and no heteroscedasticity.  
        LL is the likelihood ratio test.  
[4]:  
     Shin and Smith (2001) at 10%, 5%, and 1% level are –3.40, -3.69, and –4.26 respectively.  
The figures in brackets are standard errors. The critical values of the one sided t-statistic from Pesaran,       
 
 
 
